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Preface 





Handbook of Analytical Chemistry is intended for scientific workers, 
and chemistry students in universities, polytechnics, and technical 
colleges. It can be used in solving various problems (both calculating 
and experimental) concerning general chemistry, analytical chemistry, 
chemical technology, and so forth. 

The tables of solubility products, of ionization constants of weak 
acids and bases, and of oxidation-reduction potentials have been 
drawn up according to recent data. When those tables were being 
drawn up, the following works were used: J. Bjerrum, G. Schwarzen- 
bach, L. G. Sillén, Stability Constanis of Metal-ion Complexes, with 
Solubility Products of Inorganic Substances, London, 1958; W. M. Lati- 
mer, The Oxidation States of the Elements and Their Potentials in 
Aqueous Solutions, N.Y., 1952; N. V. Axelrud and Ya. A. Fialkov, 
Ukrainskii khimicheskii shurnal, 16, 75, 283, 296 (1950), and other 
articles from Soviet and foreign journals. 

As we know, the results published by various authors concerning 
the determination of given quantities greatly differ from one another. 
It is therefore extremely difficult to select the “most probable” value 
of every constant. There is no international body to annually publish 
such “most probable” values of the given constants, as is done, for 
instance, by the International Commission concerning atomic weights. 
The selection I have made from numerous literary data is therefore 
inovitably subjective. I will be very grateful for information pointing 
out cases when this selection was made incorrectly, and will take 
account of such comments in the subsequent publications of the 


book. 


The tables of the densities and concentrations of various acids and 


bases are drawn up for 20°C. —- 
The temperature values in all tables are given in degrees Celsius (°C), 
Tables 22, 32, 33, 34B, 35, 39, 47, 48, 51-55 have been compiled 


by P. K. Agasyan, docent of the analytical chemistry department of 
the Moscow State University. 
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Instead of the ordinary table of five-place logarithms, a “simplified” 
table of five-place logarithms and antilogarithms is given at the end 
of the book. It takes up the same space as the tables of four-place 
logarithms, because instead of the real values of the differences be- 
tween mantissas, their mean values are given for every line of the 
table. Errors that arise when using this table are not over 0.00002. 
The other tables in the handbook give exact values of the live-place 
mantissas of logarithms. 


Ju.Ju. Lurie 


—— 


Preliminary Remarks 





The numerical expression of the results of weighings and other 
measurements, and the subsequent calculations with these numbers 
necessitate a strict observance of several rules. 

Rule 1. All numerical values, whether they are obtained directly 
by measurements or whether they are the derivatives of these measurements, 
must have a certain number of significant digits so that the last figure 
alone is questionable; the second-last figure must be accurate. 

For instance, the number 20.24 (ml), which expresses the reading 
of an ordinary burette, contains a proper number of figures, since 
figure 4 was obtained by an approximate (visual) estimate of the 
distance between the edge of the meniscus and the nearest scale divi- 
sion. Consequently, this figure is dubious: another observer could 
read the measurement of the burette as 20.23 or 20.25 ml. If upon 
measuring the solution by a burette, the lower boundary of the menis- 
cus exactly touches the scale division showing 15 ml, the measurement 
result must be expressed by the number 15.00 (ml), since the observa- 
tion error is not over 0.01-0.02 ml. Both zeroes in the number 
15.00 (ml) will be significant digits. The zeroes standing at the begin- 
ning of the number before the first figure which is not a zero are not 
regarded as significant digits. Hence, the number expressing the 
mass of the filter ash 0.00004 (g) contains only one significant digit: 4. 

If the mass is determined in grams and expressed by the number 
23.4 (g) in which the last figure is inaccurate, in order to represent 
this mass in milligrams one must write not 23 400 mg, which would 
give a wrong idea about the accuracy of the weighing, but 234-10? mg, 
or 2.34-10' mg. oo 

Rute 2. When discarding the last figure if it is equal to or more 
than 5, the preceding figure must be increased by unity. 

Thus, in discarding the last figure in the number 16.236, we 
Obtain 16.24, 

Rule 3. Upon addition (and subtraction) of several numbers, there 
will remain, as a result of calculation, a certain number of figures after 
the point that are in the addend with the least number of decimals. 

Rule 4. Upon multiplication or division, the maximum relative 
error of the product or quotient cannot be less than the relative error in the 
least accurate number from the numbers taken, 

Relative errors are usually expressed in per cent: it is the ratio 
of the maximum a error of the number to the number itself 


multiplied by 10 


{2 


If, for instance, it is necessary to multiply 0.0123 -24.62 -1.07461 
and if it is taken that the maximum absolute error in each of these 
numbers is not over unity in the last figure, then the corresponding 
relative errors will be: 


1 -~ , 
1 


1 
T07 4er 100 = 0.001% 


The first number has the greatest relative error (0.8%). It follows 
that the maximum relative error is not less than 0.8 per cent in the 
product as well. If the first three significant digits 0.325 are kept in 
the product, the last digit will already be inaccurate, since 0.8 per 
cent from 0.325 comes to about 0.003. 

In cases when rule 1 is observed, i.e., when all numbers used in 
the calculation contain not more than one inaccurate figure, it 1S 
possible to apply the more simple (although less accurate) rule 4,a. 

Rule 4,a. Upon multiplication and division, asa result of calcula- 
tion, it is necessary to keep a certain number of significant digits which 
are in the number having these digits least of all among the numbers used 
in the calculation. 

In the example given above, the first cofactor has three, the second 
has four, and the third has six significant digits. Consequently, we 
must leave in the product three significant digits and discard the rest; 
the result will be 0.325. 

Rule 5. In all the intermediate results, it is necessary to keep one 
figure more than is required by the preceding rules. In the final result, 


Rule 7. Upon multiplication and division with the aid of logarithms, 


mantissas as there are signt- 
ficant digits in the least accurate multiplier. 

Therefore, for most calculations, we can confine ourselves to the 
book. 
Together with an excessive as well as an unsubstantiated accuracy 
of calculations (a long series of figures after the decimal point 
already the first one of them is dubious 
rithmic tables, and so forth), 


’ 


It iigures which in any case will be discarded upon subsequent 
calculations (if these calculations are made correctly). 


Analytical chemists, for instance, have grown accustomed t0 
F elige argh balance with an sig 0 
ee spent much time sitting by the balance, 
determining the correct figure in the fourth deolinal” At the same 
time, this accuracy is often pointless. Here are a few examples: 
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_ 4. Antimony is determined in red copper in which the Sb content 
1s not more than 0.003%. For analysis, a portion of copper weighin 
10 g is taken. With what accuracy must the copper shaving be wei hed? 

_ The result obtained must have not more than two significant 
digits, since copper containing even 0.0031% Sb must be discarded. 
Great accuracy is not needed, and in essence it is unattainable by the 
analytical methods used. Hence, the maximum absolute error in the 
final result is +-0.0001%, which makes up +3.3% of the maximum 
ee Sb content in the metal. The calculation is made by the 
ormula 





Where a = antimony content found; 
g = weighed portion. 

If a weighed portion of copper is taken with an accuracy of up 
to one-tenth of a gram (-+0.1 g), then with respect to the entire portion 
weighing 10 g, ‘the relative error will be 1%, which is far less than 
3.3%. In other words, if instead of 10 g of capper 9.9 g or 10.1 g 
are weighed, then with a Sb content of 0.30 mg, this will give, in the 
first case, 0.00303% and, in the second case, 0.00297%, which in 
both cases will be rounded off to 0.0030%. It follows that a weighing 
Can be made on technical scales with an accuracy of up to 0.4 g. 

2. The accuracy of the colorimetric methods of analysis (if the 
optical density of solutions is measured visually and not photocolori- 
metrically or spectrophotometrically) is usually not over +5% of the 
relative errors, while by some other methods, the relative error comes 
to +-10% and more. According to rule 4, the accuracy of the result 
Cannot be higher than the accuracy of the least accurate measurement, 
and therefore, no matter how accurately a test is weighed for analysis, 
if this analysis ends with a colorimetric determination, the accuracy 
of the results will not be higher than the aforementioned +5%. It 
follows that if 1 g of a test is weighed with an accuracy of +0.01 g, 
i.e., with a maximum relative error of +1%, this accuracy is high 
enough, 

Visual colorimetric methods are used only to determine the compo- 
nents contained in very small amounts In the substance being analysed, 
when a great relative error is permissible in the result obtained. The 
determination of iron in iron ore by the visual colorimetric method 

eads to impermissible errors. _ 

Note. It must not be assumed that, in determining small amounts, 
the colorimetric methods of analysis are less accurate than 
other methods. On the contrary, if in the preceding example 
Sb is determined not by the. colorimetric method (as is 
usually done), but by the gravimetric method, we would 
have to weigh about 0.0003 g of Sb,0,, which on an ordinary 
analytical balance can scarcely be made with a maximum 
error less than -+30% of the relative errors. In addition, 
no account is taken of the inevitable significant error due 
to impurities present In the calcined precipieate, an error 

which cannot be eliminated even when a microbalance 


is used. 
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3. In the calculation of the results of volumetric-analytical deter- 
minations, the least accurate figure is the number of millilitres of 
a titrating solution used for titration. Since the hundredth parts 
of a millilitre are marked approximately, it can be accepted that the 
maximum measurement error is not less than +-0.02 ml. The error 
due to the remaining residue is also +-0.02 ml. Therefore, the overall 
error can be as much as 0.04 ml*. With the total expenditure of 20 ml 
of the titrating solution, this will come to 0.2% of the relative errors. 
It follows that, taking 1 g for analysis, the weighing can be performe 
with an accuracy of up to 1 mg. This gives a relative error of +-U.5 mg, 
or 0.05%. If less than 20 ml of the titrating solution are used for 
titration, less accuracy is needed in taking a weighed portion. 

On the other hand, the weighing of a starting substance for esta- 
blishing the titre must be performed with an accuracy of up to unity 
in the fourth decimal, since in this case a portion weighing only about 
0.2 g is taken and about 40 ml of the titrating solution are used for 
titration. 

If one wishes to increase the accuracy of the volumetric-analytical 
methods, one must use gravimetric burettes instead of ordinary ones, 
which completely precludes errors due to inaccurate measurement, 
remaining residue and a difference in temperature. The weighing 
of a sample now becomes a less accurate operation, and it should be 
performed with a relative error which is determined by the accuracy 
required in the final result (--0.01% and less). 

The foregoing should not lead to the conclusion that the weighed 
portion can always be taken with an accuracy of --1 mg or less. On the 
contrary, there are some analytical operations when the entire accuracy 
of an analytical balance must be used, and when even the accuracy 
of a microbalance is not high enough. Here are two exam les. 

4. Red electrolytic copper must contain 99.95% of Cu. The analy- 
tical determination of Cu in this case is made by electrolysis. What 
accuracy must the weighing be made with? 

The error in the final result, expressed in per cent, must not be 
more than +0.004%. It is apparently necessary to have no lesser 
accuracy in weighing a test of red copper as in weighing a platinum 
electrode before and after Cu is deposited on it. If one gram of a test 
is taken for an analysis, then, with the maximum accuracy of the 
weighing on an analytical balance being +0.2 mg, the relative error 
will be +0.02%, which is far more than is permissible. Therefore, 
in the given case, it is necessary to use a balance that is more accurate 
than the ordinary analytical one, or (as is usually done) to take not 
less than 5 g of the substance being analysed. 

_ 9. Suppose that for determining Zn in a copper-zinc alloy contain 
ing about 20% of Zn, a portion weighing 0.02 g is taken, whether 
owing to the small amount of shavings which an analyst has or with 
due regard to some advantages in the techniques of working wit 

small amounts of a substance. The analysis is concluded by weighin# 


* See I. M. Koltgof and E. B. Sen i ntitativé 
Analysis), Moscow, 1948, p. 489. Ral, Ratenetsetiph euatis fon ea 
see, for instance, I. M. Koltgof and E. B. e ichéstvennyi anatt 
(Quantitative Analysis), Moscow, isis’ p. 561; ae ag diteot and ¥. A sten- 
ger, Ob’emnyi analiz (Volumetric Analysis), Vol. II, Moscow, 1952, p- 25. 
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the propnate in the form of Zn,P,O7. What accuracy must the 
weighing be made with? 

The result of the analysis must be expressed with an accuracy 
of up to a hundredth part of a per cent (for instance, 19.84%), i.e., 
with a permissible error of +0.01% of the absolute errors; since 
the Zn content is 20%, this will come to +0.05% of the relative 
errors. The same accuracy must be obtained when weighing the portion 
of shavings and the calcined precipitate Zn,P,07. When a portion 
weighs 20 mg, the value +0.05% comes to 0.01 mg; the same per- 
centage of the mass of the calcined precipitate (~8 mg) is still less, 
being about -+0.004 mg. A microchemical balance gives an error 
of about -+-0.01 mg. It follows that, in the given case, the weighing 
performed even with a microchemical balance does not ensure the 


required accuracy. 
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Table 1 


Atomic Weights of the Elements 

The atomic weights of various elements are determined with 
different accuracy which is expressed by a different number of figures 
after the decimal point. When the number expressing atomic weight 
ends with one or several zeroes, the latter are significant digits showing 
the accuracy with which the atomic weight of the corresponding ele- 
ment is determined (see rule 1, p. 11). . 

The results of chemical analyses must not be expressed with a preci- 
sion greater than that of the atomic weight. This limitation must 
be especially reckoned with when determining some platinum and 
rare-earth elements, and also rhenium. . 

The table contains relative atomic weights published by the Com- 
mission on Atomic Weights of the International Union of Pure and 
Applied Chemistry (IUPAC) in 1965. . 

Tho Commission adopted a resolution whereby the old “oxygen 
chemical unit” of atomic weights (1/16 of the average atomic weight 
of the natural isotopic mixture of oxygen atoms) is replaced by the 
“carbon physical unit” (1/12 of the atomic mass of the carbon iso- 

12 
gc ali the elements, besides those given below, the number expres- 
sing the atomic weight is given with an error not roger 5 +0.5 in 
the last digit after the decimal point. The deviations of the atomic 
weight values for the given six elements are as follows: boron 
+0.003; hydrogen +0.00001; oxygen +0.0001; silicon 0.001; 
sulphur --0.003; carbon -+ 0.00009. Boe an to 
eas . ‘sotopic ComMmpositlo ‘ 
variations in caren E ascuvaniee in the determination of the 


; he experim ; : : 
am het iige Shoe of yn six elements listed below, their values deviate 


ithin the following 
horn silver +0.001; chlorine + 


ic weights of radioactive e 
1 ond aranvonts or other radioactive elements, the mass number 


of the isotope with the longest half-life is given in square brackets. 










| Atomic Atomic _ 


number weight, a 





| Symbol 





Element 























— : 89 [227] | 35603 
Actinium ee “7 | 107.868 | 03 289 
Silver _ AT 13 26.9815 | 43 106 
Aluminium Am 95 [243] 38 561 
Americium Ar 18 39.948 60 150 

As 33 74.9216 | 87 461 
Arsenic At 85 [210] 32 222 
Astatine Au 79 196 .967 29 440 
Gold B 5 10.811 03 387 
Boron Ba 137 .34 13 780 









Barium 


2—1845 
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Table 1 (continued) 
i 



























































Element Symbol Pikes dane a log u 
Beryllium Be 4 9.0122 95 483 
Bismuth Bi 83 208 .980 32 010 
Berkelium Bk 97 [247] 39 620 
Bromine Br 35 79.904 90 257 
Carbon ci 6 12.01115 | 07 958 
Calcium Ca 20 40.08 60 293 
Cadmium Cd 48 112.40 05 077 
Cerium Ce 58 140.12 14 650 
Californium Cf 98 [252] 41 040 
Chlorine Cl 17 35.453 54 965 
Curium Cm 96 [247] 39 270 
Cobalt Co 27 58 .9332 77 036 
Chromium Cr 24 51.996 71 597 
Caesium Cs 55 132.905 12 354 
Copper Cu 29 63.546 80 309 
Dysprosium Dy 66 162.50 21 089 
Erbium Er 68 167.26 22 340 
Einsteinium Es 99 [254] 40 483 
Europium Eu 63 151.96 18 173 
Fluorine F i) 18,9984 27 872 
Iron Fe 26 55.847 74 700 
Fermium Fm 100 (257] 40 993 
Francium Fr 87 [223] 34 830 
Gallium Ga 31 69.72 84 336 
Gadolinium Gd 64 457.25 19 659 
Germanium Ge 32 2.59 86 088 
Hydrogen H 4 4.00797 | 00349 
Helium He 2 40026 | 60 235 
Hafnium Hf 72 178.49 25 162 
Mercury Hg 80 200.59 30 231 
Holmium Ho 67 164.930 24 730 
Iodine | 53 426.9044 | 10 348 
Indium In 49 114.82 06 fo 
Iridium Ir 77 192.2 28 te 
Potassium K 19 39 102 59 2 


Krypton Kr 36 
Kurchatovium 104 
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Table 1 (continucd) 
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Atomic 
weight, a log a 


LL 





Lanthanum La 57 138.91 14 273 
Lithium Li 3 6.939 84 130 
Lawrencium Lr 103 [256] 40 824 
Lutetium Lu 71 174.97 24 297 
Mendelevium Md 101 [257] 40 993 
Magnesium Mg 12 24 309 38 970 
Manganese Mn 25 54.9380 73 987 
Molybdenum Mo 42 95 94 98 200 
Nitrogen N 7 14.0067 | 14 634 
Sodi Na 11 22.9898 36 154 
et al Nb Al 92.906 96 804 
Neodymium Nd 60 144.24 15 909 
Neon Ne 10 20.179 30 490 
Nickel Ni 28 58.74 76 8714 
Nobeli No 102 [255] 40 654 
ise ll Np 93 (237) | 37475 
Oxygen 0 8 15.9994 | 20 410 
Osmium Os 76 190.2 27 921 
Phosphorus P 15 30.9738 | 49 099 
Sie i Oe SS 
) nee Pa 91 [231] 36 361 
cat Pb 82 | 207.19 31 637 
Palladium Pd 46 106.4 02 694 
Promethium Pm 61 [145] 16 137 
Polonium Po 84 [210] 32 222 
in ee a: Se 










ewe | | 2 | wer [ee 
i= Pu 94 [244] | 38 739 
Radium Ra 88 [226] | 35 441 
Rubidium Kb 37 85.47 93 181 
 ——————— 
. 

: hie 75 186.2 26 998 
Seep Kh 45 102.905 | 04 244 
Radon Rn 86 [222] 34 635 
Ruthenium Ru 44 101.07 00 462 
Sulphur 5 16 32.064 50 602 
Anti 5 | 08.547 
eae | Se 21 44.956 | 65 279 











v* 
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Table 1 (continued) 


















Element Symbol or. A log a 
a 
Selenium Se 34 78.96 89 741 
Silicon Si 14 28 .086 44 849 
Samarium Sm 62 150.35 17 711 
Tin Sn 50 118.69 07 441 
Strontium Sr 38 87 .62 94 260 
Tantalum Ta 73 180.948 25 755 
Terbium Tb 65 158.924 20 119 
Technetium Te 43 (99] 99 564 
Tellurium Te 52 427.60 40 585 
Thorium Th 90 232.038 36 556 
Titanium Ti 22 47.90 68 034 
Thallium Tl 81 204.37 31 042 
Thulium Tm 69 168.934 22 772 
Uranium U 92 238 .03 37 663 
Vanadium V 23 50.942 70 708 
Tungsten WwW 74 183.85 26 446 
Xenon Xe 54 431.30 41 826 
Yttrium Y 39 88.905 94 893 
Ytterbium Yb 70 173.04 23 815 
Zinc Zn 30 65.37 81 538 
Zirconium Zr 40 91.22 96 009 


Table 2 


Radioactive Elements 





Ato- | Mass number 


Element wii ne oa Tistas Half-life* Decay mode 
ber isotope 
Et 
Actinium Ac 89 227 a, Br 
Americium Am | $5 243 7.8 x 10° y| a 
Astatine At 85 210 8.3 h a, Electron 
capture 
Berkelium Bk 97 247 14x 10° y|a 
Californium Cf 98 252 360 y a 
Curium Cm | 96 247 1.6x 107 y|a@ 
Finsteinium Es 99 254 2.7x10°d| a 
Fermium Fm | 100 257 3d Electron 
capture, 
er 
Francium Fr 87 223 22 min a, Br 
Lawrencium Lr | 103 256 8s a 
Mendelevium | Md | 101 257 1.5 h Electron 
capture 
Neptunium Np | 98 237 21x 10% y] a 
Nobelium No | 102 255 ~8s a 
Plutonium Pu 94 244 3.8 x 105 y| a 
Polonium Po 84 210 138.4 d a 
Promethium Pm | 61 145 18 y B- 
Protactinium | Pa 91 231 3.2x 10%? y| @ 
Radium Ra | 88 226 1,622 y |a@ 
Radon Rn 86 222 3.83 d a 
Technetium Te 43 99 2.1« 105 y| B- 
Thorium Th 90 232 1.4x10y!) a 
Uranium U 92 238 45x 108 y|/a 





* 8, second; min, minute, h, hour; d, day; y, year. 
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Table 3 


Ion Radii 


The values of ion radii are given in angstroms (A) with a coordina- 
tion number of 6. When the coordination number is 4, the correction 
comes to —6%, with the coordination number of 8, it is +-3%, and 
with the coordination number of 12, it comes to +12%. 


Size of radius, A, according to 














Substance | onic 
care’ | Goldschmidt | Pauling | Belov, und Bott 
Ac +3 = 7 41 1.19 
Ag a 1.13 1.26 1.13 ne 
Ar +3 0.57 0.50 0.57 ~ 
= nee 0.85 - 
4.3 = i: 1.00 0.99 
As 45 va 0.47 0.47 na 
43 0.69 jon 0.69 0.58 
—3 ae 2.22 1.94 as 
+4 -_ temas _ 0.89 
Au +3 — ss 0.85 0.90 
44 x 1.37 1.37 — 
B - +3 - 0.20 0.24 = 
-| = _ _— ae 
Ba 49 1.43 1.35 1.38 — 
Be +9 0.34 0.31 0.34 = 
Bi +5 _ 0.74 0.74 art 
+83 ne ae 1.20 4.16 
a = = 213 — 
Br ar — 0.39 0.39 0.47 
-_ 1.96 1.95 1.96 — 
C +4 0.2 0-45 0.20 — 
Es i 260 — 
. CN- —{ — a seasie 1.92 
a +2 1.06 0.99 1.04 - 
Cd 49 1.03 0.97 0.99 0.92 
Ce +4 102 1.04 0.88 0.93; 0.87 
+3 1.18 im 1.02 1.00; 1.02 
Cl ay: _ 0.26 0.26 5 ae 
“4 1.31 1.81 8 — 
clozy| —4 nis a a 2, .36 
7 + 0 82 = 0.64 0.72 - 
0.72 0. 0.78; 0. 
Cr +6 0.35 on Ee — 


A. 








—— a 
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Table 3 (continued) 





Size of radius, A, according to 
ee 
Ionic 











— wate Goldschmidt | Pauling a —_. 
| - - 0.64 0.62 
ci 0.83 ee 0.83 7 
cro} 22 ta! _ = 3.00 
Cs on 4 1.65 1.69 1.65 = 
’ To 0°70 = 0'80 | 0.69; 0.82 
va +7 a 0.96 0.98 0195 
Lit 1.07 = 0.88 0.94 
a Ba 04 z 0.85 0.87 
3 Bit: 113 = 0.97 0.96 
vn 3 = = - 1.09; 1.24 
i 0.07 0.07 af 
ee ee es 
rs tp 0°83 | 0.75 0.80 0.75 
‘ rr 0.62 — 
a +s at ~ 0:94 0.94 
as G 0.44 0.53 0.44 _ 
ae + ~ ann 0.65 | 0.98; 0.73 
= is 2.72 _ — 
4 5 36 — 
x —t 1. “a 032 0.86 
He i t- A2 1.10 1.12 1.05 
7 +2 . = 0.86 0:89 
Ho +3 1. 0.50 0°50 Bec 
+7 ‘a 7 = 0.98 
+5 ie x im 1_30 
di 2.20 | 2.16 2.20 219 
mt: 0.92 0.81 0.92 _ 
In +3 : = 130 _ 
+1 ar 0.65 | 0.75; 0.68 
Ir 44 0.66 0.64 ae AP 
de te <i we 0.89 
“9 1.33 _ 
K +4 1.33 1.33 0°90 a 
" 2 1.15 1.0 - 
Te va8 0.60 0.68 = 
a "4 ne = 0.80 0.84 
a 7 . 0.65 0.74 be 
Mg “b2 0.78 046 0°46 = 
is th | 0.52 | 0.50 0.52 a 
+ 0:70 za 0.70 0.67 
1 0°91 0.80 0.91 “ 
M ii . 0,62 0.65 ra 
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Substance 


Ionic 
charge 


Goldschmidt 


welliligllSlislliil: 


mm © 
Ne 


mol | | 
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Table 3 (continued) 


Size of radius, A, according to 
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Table 3 (continued) 


Size of radius, A, according to 











Ionic 
Substance! charge | Gordschmidt | Pauling — | a 
K 7 — — ~ 0.56 
° Té ss - 0.52 0.55 
44 ws - 0.72 0.71 
RI 4 as ine 0.65 0.62 
Ts — sy 0.75 0.62 
Ru hud 0.65 0.63 0.62 0.74 
T5 7 ag = 0.85 
S +6 0.34 0.29 0.30 a 
t5 1.74 1.84 1.86 1.90 
SH- — — — i ; 
- 7 oa 2.95 
ache | = = 2-06 
a a or 0.62 0.62 = 
T3 0.90 a 0.90 = 
hel a 2.45 208 — 
0.81 ; - 
= Ti sig nn 0.35 0.42 
cir a - 0.69 0.56 
T5 1.94 1.98 1.93 1.94 
Si 44 0.39 0.41 0.39 = 
SiOs-] -—4 = _ = 
Sm ° | 43 1.13 — 0.97 0.97 
+7 7 1 0.67 on 
Sn + 0.74 a4 ee m 
<4 2 43 1.20 1.10 
rs 1.13 
Ta Tt “et ss 0.66 0.73 
Th Te 1.09 ea 0.89 0.92 
T fi = 0.56 0.56 0.64 
° + 0.89 0.81 0.89 ne 
ms 02 ' 
" +3 gal re 108 108 
‘j 0.68 0.64 ~s 
™ GG 0°69 = 0.69 ta 
G 0.80 es 0.78 0.76 
Tl T3 4.05 0.95 1.05 vi 
Ty 1.49 1.44 1.36 = 
Tm 8 1.04 -: 0.85 .86 


Table 3 (continued) 





Size of radius, A, according to 







; Ionic 
Substance charge Belov and other 


Boky sources 


Goldschmidt} Pauling 











U +6 xe, - = 0.83 
+5 ous — i 0.87 
+4 1.05 0.97 0.95 0.93; 0.89 
+3 — — 1.04 1.03 
V +5 0.4 0.59 = 0.59 
+4 0.64 0.59 0.61 0.64 
3 0.65 ~ 0.67 — 
ig 0.72 = 0.72 — 
W +6 — _— 0.65 _ 
44 0.68 0.66 0.68 _ 
Y +3 1.06 0.93 0.97 —_ 
Yb +3 1.00 = 0.81 0.85 
Zn 412 0.83 0.74 0.83 0.70 
Zr 44 0.87 0.80 0.82 im 


= Serer ree al ii 


ee 
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Table 4 


Ionization Potentials of Atoms and Ions 


The ionization potential is the minimum voltage of the electric 
field needed for tearing away one electron from an atom or ion. 
_ The table gives the potentials of the ionization of atoms and ions, 
1.@., the poiearie’ required for sapere one electron from a neutral 
unexcited atom (X — e — X*) and the potentials required for tearing 
away one electron from a single-charge (positive) unexcited ion 
(X+ — ¢ -, X2+), from a two-charge unexcited ion (X** — e — X°*) 


and so forth. 
Insufficiently reliable data are given in parentheses. 








Element 


X4+—e + X5+ 
X5+—e + X6+ 


—e-» X+ 
X+—e + X2+ 
X2+—e + X3+ 
X3+—e ~» X4+ 





Ac 6.89 | 41.5 - = = 
Ag 7.57 | 24.48 6.10 | (52) (70) (89) 
Al 598 | 18.82 | 28.44 | 119.96 | 153.8 190.4 
Ar 15.76 | 27.62 | 40.90 | 59.79 | 75.0 91.3 
As 9.81 | 18.7 28.3 50.1 62.9 127.5 
Au 9.22 | 20.5 30.5 ) (58) (73) 
3°30 | 25.15 | 37.92 | 259.30 | 340.13 on 
Ba 5.81 | 10.00 | 37 (49) (62) (80) 
Be 9°32 | 18.21 | 153.9 | 217.7 as = 
Bj 7.29 | 19.3 25.6 45.3 56.0 94.4 
Br 41.84 | 24.6 35.9 47.3 59.7 88.6 
C 11:26 | 24:38 | 47.86 | 64.48 | 392.0 | 489.8 
Ca 641 | 11.87 | 51.21 | 67.3 84 109 
Cd 3.99 | 16.90 | 44.5 | (55) (73) (94) 
Ce 6.91 | 12.3 19.5 36.” | (70) (85) 
Cl 13.01 | 23.80 | 39.9 53.3 | 67.8 96.6 
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Table 4 (continued) 





~ o “ “ 

m ' t t 
Element t . . . 

if ; i é 

i “ - o 
SS dC 
Hf 5.5 14,9 (21) (31) - 
lig 10.43 18.75 34.2 (46) (1) 
I 10.44 19.0 33 (42) 71 
In 5.79 18.86 28.0 58 (77) 
K 4.34 31.8 45.9 G1.1 
Kr 14.00 24.56 36.9 2.5 iA, 
La 5.61 11.43 19.17 (D2) (G6) 
Li 5.39 75.62 122.4 -- 
Lu 6.15 | 14.7 (19) ~- 
My 7.64 | 15-03 | 78.2 | 109.3 | 141.2 
Mn 7.43 15.64 33.69 (53) (76) 
Mo teko 15.72 29.6 46.4 or 
N 14.54 29.60 AT 43 77.45 97 .86 
Na 5.14 47,29 71.65 98.88 138.6 
Nb 6.88 13.90 28.1 38.3 
Nd 6.31 — — — 
Ne 21.56 41.07 63.5 97 2 126, 
Ni 7.63 18.15 36.16 o6 79 
QO 13.61 35.15 04.93 77.39 113.9 
Os 8.7 17 25 40 04 
P 10.55 19.65 30.16 01.35 65.01 
Ph 7.42 15.03 31.93 39.0 69.7 
Pd 8.33 | 19.42 | (33) (49) (66) 
Po 8.2 19.4 27.3 (38) (61) 
Pr 5.76 — _ on 
Pt 5.96 18.54 (29) (41) (55) 
Ra 5.28 10.14 | (34) (46) (59) 
Rb 4.18 27 .56 40 52.6 71.0 
Re _ 7.87 16.6 (26) (38) (51) 
Rh 7.46 15.92 32.8 (46) (67) 
Rn 10.75 21.4 29.4 (44) (55) 
Ru 7.36 16.60 30.3 (47) (63) 
S 10.36 23.4 34.8 47 3 72.5 
Sb 8.64 16.7 24.8 44.1 63.8 
Sc 6.56 12.89 24.75 73.9 91.8 
Se 9.75 21.5 32.0 42.9 68.3 
Si 8.15 16.34 33.46 45.4 166.7 
Sm 9.6 11.2 nen ae 
Sn 1.23 14.6 30.7 46.4 91 
Sr 9.69 11.03 43.6 o7 1 71.6 
Ta : ee 16.2 (22) (33) (45) 
Ih 6.74 rea: | 
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Table 4 (continued) 











X2+—e - X3+ 
Xb+—e + X6+ 


& 
ie] 
5 
o 
5 
— 
X—e-» X+ 
X+—e -» X2+ 
AI3+—e ~» X4+ 
X4+—e — X65+ 





Tc 7.23 | 14.87 | 31.9 (43) (59) (76) 
Te 9.01 | 18.8 31 38 66 83 
Th — 11.5 20.0 28.7 | (65) (80) 
Ti 6.83 | 13.57 | 28.14 | 43.24 | 99.8 419 
Tl 6.144 | 20.42 | 29.8 50 ) (81) 
4 6.74 | 14.2 29.7 48.0 65.2 128.9 
W 7.98 | 17.7 (24) 35) (48) (61) 
Xe 12.43 | 24.2 32.4 (45 (57) 9 
Y 6.38 | 12.23 | 20.5 61.8 77.0 93.0 
Yb 6.2 12.10 — a — = 
Zn 9°39 | 17.96 | 39.70 | (62) (86) (114) 
Zr 6.84 | 12.92 | 24.8 33.97 | 82.3 99.4 
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Table 6 


Atomic Weights, Molecular Weights*, Weights of 
Atomic Groups, and Their Logarithms 


In compiling this table, all additions of atomic weights have been 

made in conformity with rules 2 and 3 (p. 11), the needless decimals 
aving been discarded. 

_ The atomic weights of all elements (apart from the 12 elements 
iven below) are expressed in numbers in which errors are within the 
Imits of +0.5 in the last figure. 

When a fractional part of an atomic weight is being found, the 
error in its magnitude apparently passes over to the next decimal, 
which now becomes the first of dubious figures. The total number of 

gures after the decimal point thus increases by unity. If, for instance, 
the atomic weight of titanium (Ti) is 47.90, then one-half of this 
eae weight (1/2 Ti) will be not 23.95, but 23.950; Sn = 118.69, 
nh = 59.345. 
_ When a multiple of an atomic weight is being found, the error 
increases. If, for instance, it is necessary to increase the atomic weight 
0 times, its value must be rounded off by reducing the number of 
figures after the decimal point by one figure. For example, the atomic 
i of nitrogen (N) is 14.0067; while 10 N is not 140.067, but 
Ai yg 


The multiplication of the atomic weight of iron only by 2 gives 
an error within the limits of --0.006 and, consequently, an error can 
€ made in the preceding figure; therefore, if Fe = 55.847, then 2 Fe 
will be not 114.694, but 111.69. When dividing the atomic wei ht 
of iron by 3, we have the maximum error within the limits of +-0.0001 
and, consequently, the number of figures after the decimal point will 
not increase: 1/3 Fe = 18.619. : 
One must be guided by such considerations also when adding the 
atomic weights of various elements: if the sum of the maximum possible 
errors is either equal to or more than -+5 in the last figure, a rounding 


must be made by reducing the number of figures after the decimal 
Point by unity. 











Formula | Weight, a | log a 


eg =e ee 









_— ae 2 107 .868 03 289 

A oe te eee nd 215.736 33 392 
se ae kere 323 604 51 001 
aw me ea kB RS 446 524 64 984 
Ree 462.523 66 513 






eee ee ee ee fay vo3 






* The ecular weights of solvents and organic reagents not include 
this table etn ven in tables 44 and 49, respectively. din 
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Formula 


~ © 2 2 2 my ow ow wa me w= 
Ce. 2 we HM MD iw 6 a 
vee © He oe oR at er 8 
—e Fhe we 2 * ww! Ss 
— © See oo ee ee 
eS 2S mz om ae mR we 
ee Peek ea me Bw 
 & tem eT Fe eg o 
in a a a oe ee ae 


ay "Se eee ew mc 


SSS Rime © @ we. 
" Rem we eee. . 
oe pg 


tT ited ee 


AKCSH,ON),. 
ayer oeyquifciates a. 


iin « fa 
. 
SS ee Eom eee 





Table 6 (continued) 





Weight, a log a 

166.913 22 249 
274.14 43 792 
133.886 12 674 
275.741 44 050 
143.321 15 631 
331.730 52 078 
431.730 63 521 
126.866 10 335 
935.56 72 881 
643.43 80 850 
234.772 37 065 
153.874 18 717 
169.873 23 012 


231.735 


26.9815 43 106 
8.99383 95 394 
53.9630 73 210 
809445 90 819 
107.9260 03 313 
1349075 13 003 
161.8890 20 922 
266.694 42 604 
204147 30 988 
459 444 66 223 
133.344 12 496 
241.433 38 280 
83.9767 92 416 
140.9749 14 913 
See KAl(S0)_-12H30 
See NH,Al(S0q)q-12Hs 
212.996 32 837 
375.134 57 419 
101 9612 00 843 


. . . e 


me nmhiewee ke 196.967 29 439 

4) a ee 65.6557 84 727 

: er ore 393.934 59 542 
aes. ee 222.985 34 828 
Sxiitieg apes ke 249 .003 39 620 
AUICNIg 6 bee ee RES 301 .038 47 862 
ee Cee Lee 303.326 48 191 
Ane BAM 1 ae EES 39. 3 066 
i 338.779 52 992 
Sete n vk eweue i mes” 10.814 03 387 
; 1/ eee. ee 3.604 55 678 

‘! eee eee 21.62 33 490 

oe | pe ee 32.43 54 099 

i ee 43.24 63 593 


Formula 


. 6s te + F&F Bsa & 6 
“oe «2 cee wy ve wo & © ff G&S FG 
eit wre Oe Re SS Se 


ee ee a ee a. ee 


.- © wwe « & Bm & ef * 
os 2 a wwe we hmUumtlhUrlhUCU CUD 
es Rh A DH oe Se 8 RS 
-. 2 oF ff £6 wm EB SE 

“_- 2 fem & 2s ee FS 6S 

2: Ra 2m © 2 Oe Se FC” 

 -_ sy = & ew re He 8 eR 

»— mm « & = he & BS 
a a ee a ee ee 
gt 6S we we we wm EF 2 


ce ££ |S nw za sm a TF 


Table 6 (continued) 


Weight, a 


16.9935 


ses Ff @w te!) @ 


74.9216 
37 .46080 
24 .97387 
14.98432 
149.8432 
314.634 
181.281 
252.187 
77.9455 
122.9198 
138.9192 
197.8414 
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log a 


23 028 
89 211 





Table 6 (continued) 











Formula | Weight, a 











lov a 
_ 250.52 39 884 
Bee, TEES Pewee res 117.17 06 882 
3 ek. 8s ewe eR ee HS EF FS 2 . pa 
OM walele on eeaot 67.806 83 127 
Ot were es mir oe 







a 37. 13 780 
ig REP reer 7.3 13 780 
cane amt 274. 43 883 
A dh 61 492 
hnee se . 61 492 
a eR : 52 O68 
shane 1 29 524 
HO) 277 43 688 


OMG we WR he we esc 225 .36 35 288 
(Oxalate) 
BaC] 







































OC See eee 208.25 31 859 

BaCl,-2H.O ..... 57° ' 244 28 38 789 

Ba(ClO3))-H,O. 1 1 322 26 OU 824 

MU, hw ce 236.79 37 436 

BaClO,-3H,0 . 2 1 1 t 290.84 46 365 

BU eee ea 253.33 

<q 7 ae 175.34 

Ba(NOs)p) 22. 261.35 

ee tek te 153.34 
“BAO... ‘_ 76.67 

oo en 169.34 

Ba(OH), . 






ae eee 171.35 
2 


£ 2 ie = 





oe" Se Simm eg a, 
SMe awe es wre 
see eer geawac 


. 
. 
ae SS 2 eo me om wt Oe le CX 
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Table 6 (continued) 




















Formula | Weight, a 
eam es ei 
a 69.0216 83 8 
BOOM «2 tk 141.0829 14 947 
BeCl ..........0605 79.918 90 264 
BeCl. -4H, OW kine ew me we 151.980 18 179 
Be cic GLa KR 8 RE ES 47 0090 67 218 
BeF, i cdeceavemneescte cit de ties Car barns Ga 85.0058 92 945 





; 6 wt Ff & AW AM 

» *£ & tore & |= 2 wei‘e as 6 TS if 
cw = & a2 i =>)6hlUcrESlC<“C SC<“CC 

[Ca uae Ok a me lum 6hUumrRlUUlCUC 
eonrn7n,s = oc 2 2 ws elhUmrtlCrCUCUCUD 
rcik seks 2:6 h6hSlhlUCSUCUD 


ae n,n ee en a ee ee i oe, i er ee ee oe le 


= oe ee ee oe ee ee ee ee ee a ee, a ee ee ee ee ee a a oe ee ee ee oo ee 
























ee ee ee 208.980 32 010 
MBE fk tt ee ee 69.6600 84 298 
ee eee 417.960 62 143 
REE oe 6 ae eee ee 332.069 52 123 
piryrorallate) 
BiGaHsNss, . . woo bbw 641.443 80 716 
tues to 
Bic, * 3) 659.458 81 919 
< is late) 
a etetoaatiar J eee 875.85 94 243 
(thionalide) 
iC], je cea eaaeeer 315.339 49 878 
BiCr(SCN’ ™* cote eave omcee te 609 .47 78 495 
le ee rk on Weis ie oe Se 589.693 77 063 
rr 716.598 85 528 
(Bil,H MESON) xe ie 862.768 93 589 
(hydroxyquinoline) 
i: : 16H)(CioHpN) Se ox he 860.796 93 490 
n 
Bi(NO,)y  ) ee ee 394.995 59 659 
Bi(NOg)s° SEO pie ee ss 485.074 68 580 
(Bi io} erie SPER SY poe 66 834 
10),.CO,-7/.H2O ..- +++ => ‘ 715 
ae emcee hE 304.883 2 





. tc an wt kk & SMe ES 
; £ wa & 2 ee & ® 
sw we 8 ot =e eo Se UC 


a, a a a, ee, eA 


7; Cm wm sees as Ss & wee! Fe ee hUFlU Fh ER Ue lu ls 
bd . 
. . e 
° . 


Table G (continued) 


SSS 








Formula | Weight, a | log a 
eee 
SS were ewurpeeeRaidue. 79.904 90 257 
a 159.808 20 360 
EE tse six) pains te. ten Sik fueas > te 239.712 37 969 
Set wesc ek KM Rae en 319.616 90 463 
Sr ye BRR Ede eee we 399 .52 60 154 
RE ee 479 ,42 68 O72 
ETDS? is cael tig, 4 tae: aor Sor Oe ae cee 95.903 98 183 
BrOs a ee oe ee 127.902 10 6838 
/,BrO, eS ES ww ok kee 21 al 70 32 873 
De Se EM wm we en 12.01115 O07 958 
a 24 0223 38 O61 
SE hak: ae eat ee ap aes oe am es & 36.0335 55 671 
— eee 48 .0446 68 164 
Ts 6 ka Bm ee mm ek 60.0558 77 855 
ee we Pie em ew we ee 72 .0669 85 774 
oi xe ww ee eee ee 84.0781 92 468 
ed, ainies airmen oh conn om, a, fa. 96 .0892 98 267 
Mid wee eR BER eo oe we 153.823 18 702 
CH, 2 28 8 eee 14,0271 14 697 
th : Pr 28 .0542 44 800 
SE wen cn eg 42.0813 62 409 
ee EG be ws me a we 06.1084 74 903 
4): rs 70.1355 84 594 
EN an neo in ae anc ae 84.1625 92 512 
ee oe 15.0351 17 Til 
2CH; ... 2... 30.0701 47 814 
MCHy 2 we wee. 45 .1052 65 423 
Gia oe we ol 60.1402 77 916 
ies 75.1753 87 608 
es Mg ee aepie sn... 90.2104 95 526 
: if ue OE wae ie > ce 16.0430 20 529 
CH? *“Sitzuouusa ee wee xz. 26 .0382 41 561 
2 s C ‘ ae a ee 29 .0622 46 333 
3CCH? a oe SR Bob ce oe 08.1243 76 436 
CH ie 2 a or re 87.1865 94 045 
6 bi idk ee 77.1068 88 7C9 
3c oe 2 a oe ee 154.2135 18 812 
H in A 2 231 .3203 36 421 
ret "®Rimnreaeeen,. 126.1593 10 092 
toy? "tame e ¥ wo we 127 .1673 10 437 
i 128.1753 10 780 
CH,Br . 





97 744 


Formula 


| Weight, a 
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Tuble 6 (continued) 


log a 


LK 


= ewe. & GG Ss 
ee xc nr wf 8: B 
. . . . 


‘.w-? w@& ss; oe F 
eS = wea tk -@ 8s 


. . . . 


. ‘s &§ @ wow 
(tartrate-ion) 


67765 
(phenol) 


9 § <a. Ge Mee oe a re 
in ay pamela 
Hl,0 &* = .& SS ® 
(hydrox inoline) 
a... . 


N 
CNO see OCN 
CNS see SCN 
CO 





Ss we & Sw WS. 
s €¢§ 2 ww «= *e 
» & ss» hm 
So 2: e+ A © «£ 
a: wi +r ff he 
a 2»  ¢ a 


Ss 2 SS © & & 


en a a |) 


- ant DB a 6 


orn ws £ & 
om ff wf we 8 
| = = Rs 


ine. «€ @ te 
1s + st 2 «4 
ow = & s&s 8 
» =» «= & 2 B 
es « = & & ©& 


Ss whe & F 


a; &£ Se Te 
ypieFrtsh6! = 
. . . 

. . . . 
«ws + & & 
° . 

a ee a 


119.378 


79.1023 


158.2046 
312.3773 


412.836 

375 .3902 
30.0265 
31.0345 
62.0689 
32.0424 
43.0456 
46 .0695 
148.0729 


94.1141 
136.1314 
144.1543 
145.1622 


26.0179 
52.0357 
78.0536 
104.0714 
130.0893 
156.1071 


28.0106 
60.0558 
44,0100 
22.0050 
88 .U199 


07 692 


44 527 
71 630 
89 239 
01 733 
11 424 
19 342 


44 732 
77 855 
64 355 
34 252 
94 458 
12 067 
77 822 
47 719 


re 


ats) 


Table 6 (continued) 
en ee a ae 
ee 


Formula | Weight, a | log a 
aaa aaa Ee, 
2CO, ........... | 120.0187 07 986 

3CO, 2 





Ca(C,H30.). 2... 158.17 19 912 
(acetate) 
a(Cs3Hy05)p 2. 218.22 33 889 
(lactate) 
Ca(CsHsO5)o-5H,0 2. 308 .30 48 897 
Cas(C,H.0,).. 2... 0 1 498 .45 69 762 
(Citrate) 
Cas(CoHs0,)9-4H,0 570.51 75 626 
Ca(CyoHN4Q5).-8H,0 | 1S 710.58 85 161 
(picrolonate) 
Oe ks we en me 80.10 90 363 
Qe mide) 00 039 
ao a 100.09 , 
AS a ce 50.045 69 936 
Ne ee em 128.10 10 755 
7CaC,0, . 2. 64.050 80 652 
ee we! 146.12 16 471 
Se, 110.99 04 528 
CaCl-6H,O 2...) itt 219.08 34 060 
aU es ce te 142.98 15 528 
Ca(ClO), ee ee 215.05 33 oo 
2S a rs 156.07 19 33 
CaCrO, OHO 2... 192.10 28 353 
a ee eee 78.08 89 254 
CasFe(CN).42H,0 |) 1° * 508.30 70 612 
Call, i ans ae p... 42.10 62 428 
TO ee eg 162.44 20 984 
re! Cs Sr 81.057 90 879 
ody, 136.06 13 373 
ee ee 
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Table 6 (continued) 


Formula 


7 
e 


wT rca 
Cd(C,H,O.N)o 
(anthranilate) 


2 
(idee outtotate) 





AA) 


Formula 


Cd(CaH, ON), SHO ...... 


Cd(CyH,O.N),........~, 
(Gui idinte 


2 SY 2 wee © 2 em Se te SS Mm 


Elbo. OM cee cg, 
Cd(NO, 


7 SS TAS wt oe es Ulu le 


a * << ee fF oh ow hs le lum le 


SS 828 sme es ek ea eS OS 
- + FF S&S « 
,  oh6h6S|l—UC< RC<C |W hUC rl luc hClUre 
ik £8 TC Be £€ ew on ew we ww eS 


-_ © @& om » @ wh se Ce 


ete & SS pw © MH f 


Ce(C, CH oN) (804). ‘THO 
(ethylene diammonium) 
Ce(C, i, “oa ae 
Seems 
e, 


“m6 £ & & 
i ee: | a 
- £&® & wt « 8} 
coe 28 OP gw we 
& w 


; 2 Few mR Eg S 


. . . 


Ge(NHy)s(NOa), 21,0 
Ce(N H SO §° OH a 
Ce(no.)*\ 4)4 a 


> 2 Me wm «OS 





ColNO5)5 64,0 










® . 
. . . 
* @ mtr & Bh oe 
o 





Ceo(SO,), 2 °° 
Ce(so3}’. 4H,0. 7 Ct 











| Weight, a 


eee 


436.74 
456.73 


_~ Tre ww SF mw «@ 





Table 6 (continued) 


14 650 
54 444 
66 938 
44 753 
88 913 


75 784 


73 584 
84 905 
39 178 
57 123 
73 896 
76 661 
80 109 
514 339 
63 772 
23 583 
51 619 
68 517 
37 123 
52 145 
60 670 






_— > 


es 


—_ ea 
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Table 6 (continued) 











Formula | Weight, a log a 
a: Sa. kee 
COieys .. . 2a BREE 568 .42 75 467 
Ce,(SO,),-8H,O......-.. 712.55 85 282 
a ee aes Se eR 
www ce wee wm RERES 35.453 54 965 
am em wo 70.906 85 068 
eee 106.359 02 677 
re eee 141.812 15 171 
ae eee 177.27 24 864 
ee SS Ce 212.72 32 781 
i —— aaa ea ea 51.452 71 140 
ras ee 67.452 82 899 
Ey: 105: tn ms COE Oe one ok a cn te 90. YD 83.454 92 143 
a 99.451 99 761 
ee bee sew mwe ene ERED Owe ee PERLE 
a a ae a 58.9332 77 036 
Ti me ee BES 19.64440 29 324 
oe a et Oo 29 46660 46 933 
8Co we ewe ee 117.8664 07 139 
De a ae tom tar SN. 0 (76.7996 24 748 
Mr oe Re 218.741 33 993 
CoBr,-6H.O |... 2654 * 326 .833 51 433 
Co(CsHs0a) BAG ce HAD 249 .085 39 635 
Co(CoHHN), (SCN), 2a wes 491.51 69 153 
Pyridine oes 
Coy (Cotl,0, ee: 627 .066 79 734 
COCs H,05N), eee 331.196 52 009 
Co(CAHON )o-2Hs A wane es 383.272 58 354 
h 
, CO HON), 21,0. = + 611.458 78 637 
a- -nitroso-B-D aphtholate) : 
Cr eg ee oe EE 182.984 26 241 
CoC, *. ae ees 129.839 11 344 
ae 237.934 37 645 
CoCrO, a 474.927 24 286 
CoHp(SCN), -. ++: 00° 491.85 69 183 
Oo oe 182.943 26 232 
CG _ wo « 2 Bw = S ‘ . + 395 
Co(NOs) a oe 74.9326 87 467 
ete gg ye wee we FE 165.8646 “1 O75 
240.797 38 165 
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Table 6 (continued) 





Formula | Weight, a log a 
See ci Mice 
CopP.0, ......,,~,~,.~. 291.810 46 510 
ee rr 90.997 95 904 
CoSO,.......,.,,000 154.995 19 032 
Ol: A: rr 281 .102 44 886 
Se ee Re 
: oe ee 51.996 71 597 
PE de wm ivga. 17.3320 23 885 
DD ceiibe ts ie ev ay 4, ec, 103.992 01 700 
De ees Rh ee mene 155.988 19 309 
OG ki mee el 122 902 08 956 
Crd, . we. 158.355 19 963 
CrCl,-6H,O 2... 266.447 42 561 
CrK(SO4)o-12H,O . | | SS See K Cr(SO,).-12H,O 
Cr(NOs)3. 2. 238.014 37 660 
Cr(NO3)5-9H,0. 2...) 1 C 400.149 60 222 
MO ie wt Pie me 67.995 83 248 
eR ew 99 994 99 997 
ce a eal 115.994 06 444 
Cro, 2. 38.6647 58 7314 
Me Rie me lt 154.990 18 182 
MeCrg03 2. 75.995 88 079 





Pi inicy? «22273 eae | Bee 
-_<— 0 a ae 2 ae 65. 
sulSbas 12H,0 2. | IT 56849 75 449 
"Pha wee eae. . 325. oe = one 
he er ae 168.358 
c3C10, eR eee 232.356 36 615 
og a 381 .804 58 184 
a kr 481 798 68 287 
eee cd Ge 259.809 41 465 
Moti ttt. ay le? 194.910 28 983 
8) i a 281.809 44 995 


Table 6 (continued) 


ae 





Formula | Weight, a loga 
oo en 673.62 82 842 
CeO, cum ee ah KES 361.872 55 856 


oes ie we mem ee we mam me he Se eee ere, 
2 ew ee ee oe eR Ee ew oom ce i wee wee AE Bea 


the cikbcamanmncn tad 63.546 80 309 
WoC pg cu ee eB 31.7730 50 206 
20. le 127 092 10 412 
) 190.638 28 021 
a. a FR 293354 34 899 
Cu(CaHH0g YT ee 199.651 30 027 
(acetate) 
Cu(CcHeN)s scl ie gp cm me 337.91 52 880 
(pyridi 
COG HLOLN), ee se 335.809 52 609 
oMeihoN iernigiaitiah 951.855 54 636 
I dhe 

CuCl ged a 425.891 62 930 

(quinaldinat 
CU(CyaHl gONS)s: -H,0 514.13 74 107 
eee 288.796 46 059 
ON og ee UE ™! 39.564 95 243 
ane eee, T Te 98.999 99 563 
os = eg ne i EA 134.452 42 857 
CuCh,-2H.0 1... 170.483 23 168 
CuHg(SCN), .. et 496.46 69 588 
Cul Be eee Ke 190.450 27 978 
Cu(NO,) Rene eae ES {87.556 27 313 
Cu(NO.),-3H,O. 241 602 38 310 
Cu(NO,),-6H,O .--- +0 ° 295 .648 47 077 
| ©) Pint ae Tr 79.545 90 064 
Ue ae oe 39.773 59 959 
on: | i 97.564 98 928 
Ce seca men ke ™* 143.004 15 561 
Cus(OH)\COc 2. ee ee ete 62 
Cus(OH1).C0; ae ae 99.610 98 050 
. je es .16 20 183 
a SS eee weet 124.628 08 503 
CuSO, SS ee wm em 159.608 20 305 
oe 249 685 39 739 





4A 


Table 6 (continued) 





Fortnula | Weight, a log a 
ee 
ae ee s.r 18.9984 27 872 
a er 37 .9968 97 974 
a rs 96.9952 75 584 
Oe ate we 75.9936 88 078 
| a a 94 9920 97 769 











eR A hs mm me we me 179.55 25 419 
Fe(C,H,ON),. 2. 1 7 488 .310 68 870 
(Madroxyquinolate) 
i 211.954 32 624 
Beebe ee eee ew cn 115.856 06 392 
SO etiam same. 126.75 10 295 
FeCl, 4H 2...) It 198.81 29 844 
<n 162.24 21 008 
FeCl, 6GH.O ..  ) ] lt 270.30 43 185 
Fe(HCO),.... 7) ot? 177 .881 25 013 
FeNH,(SO, 


Je12H,O 7)! 48219 68 322 
Fe(NH,),($0,). -6EL,0 : 
Fe(No.y?" Jada 2 ' 





Table & (continued) 
cite ee Gt 











| Weight, a log a 
Formula 
69.72 G4 936 
-—eae Reed 14 439 
a $aeeeaeeeee 502.18 ibis 
Ga(GHyON), 11212. :: ras 5 
a hdl: ee 
liydrosyauttotate _ 975.55 98 92 
7a(C r,O] —— oe ae 5 
Piichip hoc tasaliads i ae 176.08 9 a8 
+ Lee 187 .44 - a 
Ga,0, Sereeer reer eee eee ee 
OSS re errr rt ler = 86 088 
eee (72.59 16 191 
mal” * Ee 145. 33 122 
pe wm ee hk HR 214.40 
ee 01 949 
oo 104.59 13 583 
f,aQ, nt © 4s ts ase eo 136.72 mow 
Ges, eraser cer eee os. 
— ' | eer: BBS ee eS 
Ws 1.0077 | 00345 
ee Teer eee ee 2.01594 48 037 
eee se 3.02391 60 551 
no KS PREYS 4.03188 70 242 
eer sey 5.0399 78 160 
en 6.0478 84 855 
ee 7.0558 90 654 
ee ee 8.0638 15 M1 
8H tte ieee 141.9431 aT ea 
a rr oe 1. 64 165 
HAuCh-4H,0 .. 6. +++: a was 79 122 
a> EE 1. N 
HyBO;. ~- 2 eee ret 80,912 ae vols 
er ee 96.914 
ee ee ae a tll ae 128910 11 oe 
2 2 tat a 66 30 
eee pee 77 853 
(formic acid) a saa 
C,H,0, .... - 90.0795 95 463 
a 17 342 
Sto, ae 07 224 
(hydrotartrate-ton) Fn Oe 118.090 owen 
Awe «© @ FA ‘ 7 
Tee ~<a ean 134.089 17 635 
rel cy 150.089 
H,C,H,0, some 8 8 





(tartaric) 
Gaye nd 
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Formuta 


r mieten wise w & « 


H,C,H,0,-H,0 
HC,H,0,NS — 
(sulphanilic) 
{C,H,O,NS -2H,0 


7s tc wh eH S wh Ye HS HE OF CO 


=“ © 2B *® ‘ea @D 6 


> «=. © * et ££ §& 


(benzoic) 


—= & 2 2 hn ee & @B Bw oS fe 


(phthalic) 
2CrH, Se 

(Sulp osalicylic) 

H,C;H, S2H0 2.1... 


- 8 © Ww We 


reat See a mie ew ww 8 


Sf 2 eet FF OE ET sw we 


——-~ *. 8 2. € &S Me 


a 4 6©hhlUSlCU Ck 


) Sie 2 eee 
gelled’! at. nn ae 
. 
TS ee 
. 
eae eS Cs om ef 
Rect Fp my y 
* . 


| Weighty « 
Ee 


192.126 


210,142 
173.192 


209 .222 
122.125 


138.124 
137.139 
165.127 
166.135 
218.186 


254.217 
173.173 


209 .203 
292 .248 


27 .0258 
45.0179 
90.036 
135.054 
61.0173 
62.0253 
90.036 


126 .067 
63.0333 
36.461 
92.460 
84.459 

100.459 

118.010 

218.004 
20.0064 

127.9124 
143.9118 

175.9106 

191.9100 

227 941 
179.97 
47 .0135 





Table 6 (continued) 


log a 


28 358 


32 251 
23 853 


32 061 
08 680 


14 027 
13 716 
21 782 
22 046 
33 882 


40 520 
23 848 


32 057 
46 575 


43 178 
65 339 
95 442 
13 051 
78 545 
79 257 
95 442 


10 060 
79 957 
56 183 
71 983 
92 665 
00 199 
07 192 
33 846 
30 117 
10 691 
15 810 
24 529 
28 310 
35 782 
25 520 
67 222 


\ 


Formula 


| Weight, a 


Table 6 (continued) 


low a 


LZ (==... ..-,n, nessa 


HNO, . 
igs see OH 


63.0129 


18.0153 
36 .0307 
54.0460 
72.0614 
90.077 
108 .092 
126.107 
144.123 
34.0147 
17.0074 
68 .0295 
79 .9800 
95.9794 
96.9873 
65.9965 


79 943 
25 564 
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Table 6 (continued) 















Formula Weight, a log a 


i Oe ei eee wil 200.59 
SEs 5 GE Bee 100.295 
-eéaweya © RR 401.18 

ad 65k Gah ba ee ED 360.40 
Ds 8 to 8k 318.68 


Trees ee 574.78 











och od ew FO 472 .85 
(anthranilate) 
Hg(CyHiONS)p .-- 2 ee 633.16 
(thionalide) 
HeG.0, 6 i we ee we we 288 .61 












, oe 6 8.6 6 aS 252.63 
Terre See 271.50 
fieekewad dt tad 472.09 

nates mai Oe 316.58 
eee ee ee ee oe 454 .40 

se 85 Rw 2D 324.60 

el ws sam eke eS 342 .62 

Hea(NOs)g se se eee es 529.19 
Hga(NOs)2- ‘2H,O . 561 .22 
SO re a ee ee 216.59 
Oe ee ee 417.18 
AG ieee & ie he Be ee, Behe 232.65 



























Dee och ob Be SE SEK BC 126 .9044 
a Rene mus eo ks me 253 .8088 
ns See ame ew ERD GR 380.7132 


eR MERE wee wee 907 .6176 






ze ew $h-e 88 bi k= 634.5220 
eet eR ee 761.4264 
er (KSPR ERE Re 162 .357 
“ Braet kaw ck ew ew 233 .263 
ee 64 ess EG 142 .9038 

Tae 174.9026 
10 6 ie ae a a a) a 29 ° 4504 


ees Bs. & Ge a 8 oe BOS 190.9020 


° . 
e . 
° *. 
. 
- &@ © Weta @ 6 wa h« 
ses s+ wo oF 6 
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Table 6 (continued) 


Formula | Weight, a 


114.82 


In(C, 
coe 


394 424 


65.120 
138.213 
184,239 

74.555 





Table 6 (continued) 








Formula | Weight, a log a 
Ene Cy: ee 
Se ee ee ee ee a 122 .553 US 832 

NEG. G ive - 38 HE 20 426 31 U18 
| | 138.553 14 162 
a's 452.272 65 540 
R.CorSO,e6HeO «i tk ces 437 .35 64 083 
Bats «a nw ee te mm es 194.198 28 824 

/sKoCrO, . 2... ee 64.733 81 113 
Bie wc ee eee ee 294.192 46 863 

eh: 49 .032 69 048 

Ns Gk kk en kt 147 .096 16 760 
KCr($O4).-42H,O ....... 499.41 69 846 
go cn w x > eon men: we Mow i 58.100 76 418 
A ee 329 .26 51 754 
MUWStUGN ek 6 ee ee 368 .36 56 627 
K,Fe(CN),-3H.O........ 422 41 62 573 
RresO,\ei2H.O < cs % cs % 503 .26 70 179 

BAG £84 KDR REGS 180.037 95 536 
K.HAsO, ........... 218.131 33 872 
KHGHIO,........0.. 188.183 27 458 

(hydrotartrate) 

<p ae 204.229 31 012 

(hydrophthalate) 

ll 100.119 00 052 
a a oe 146.145 16 478 
KH,(C,0,),-2H,0 .. 1... 254.196 40 517 
KHF, ............. 78.107 89 269 
Bei, seman eck a & 3 389.915 59 097 
WiKH(JOs)o. . 1. 2 ee 32 4929 51 179 
KHAPO.. wa te ee 104.091 01 741 
lt a a a a 136.089 13 382 
ern 174.183 24 101 
i  ———— a 120.172 07 980 
RHSO, ow ce we em 136.172 13 409 
Siro, eek’: nak casa ‘Wr S40 eet ik Pa 166 .006 22 012 
NE aa sas ca. tor ok ste? OX Oe al nee tm GO 419.815 62 306 
oo ee ee ee 2 ee 214.005 33 042 
Sh Sa aa 35.6674 55 227 
SS aa 230 .004 36 174 
a a en ee 158.038 19 876 
"/sK MnO, Bh bhi ome 31.6075 49 979 
/fsKMnO, ........., 52.6792 72 164 
2KMn0O,.......... 316.075 49 979 
KN(CgHa)a(NOo)g 2... 477 .307 67 880 

(dipicrylaminate) 

RNs ae tos rie, Sm om os war Ae a 3 85.108 92 997 

i Tiasat as i Wala On Ok Ge 23 101.107 00 478 





of 


Table 6 (continue d) 





Formula 


s it tt sw eet efelUrlhlUretltmCc rlhlC lCU 
ss wa c&weskt*+ss TY  F* &® 2s @ 
ae css wins’ sta k s 
se 2s’ wo & s&s BO we se Ft # 
ts ww &® & 2S UhhOCOhUCUmhPshLUCUCUD 

o> is =» Cet mt &F Ft ee 6S h lCUS 
as tj&’ «& wv¥F yz => BS S&S 
swe ks ts Se @S Ff BP W'S 


5; & hk hh ww a & & hh) hm 


(tartrate) 


K,SiF 6 
K,TiF, 
K,WO, 


ao «= ss o& 8&8 *@ weekke--.;. > & 


ae" o7-~lUcserlCt rl(<i‘i sticks OorlhUCUcr CUCU cCcCUC OUD 


Weight, a 


282 .226 
94.203 
47 .102 
81.119 
56.109 

212.277 

486 .01 

289.3 

110.268 

200.345 
97 .184 

158.266 

194,297 

174.266 

222 .33 

254.33 

270.33 

333.93 


220.280 





log a 


45 060 
97 406 
67 304 
90 913 
74 903 
32 690 
68 665 
46 135 





2La : 
pata ea 371.38 36 982 
le 195.91 29 206 
La(NOsj cA 433.02 63 651 
La‘($0,), cen mae eee 566.00 i 75 282 
ee ee 6.939 84 130 

et ee Ss eee 13.878 14 233 

We oa pte mae eS 20.817 31 842 
ee ene aad ES 86.843 93 873 
Li,C,H,0O,-4H,O .+-+°+°°> 281.981 45 022 
LiCOn. | ee ee 73.887 86 857 
Es ee 42.392 62 728 
ies. st oP 25.937 41 392 
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Table 6 (continued) 





Formula | Weight, ¢ log a 
ee ee ad 
i) ee 7.947 90 020 
ae 133.843 12 660 
Lil-3H,O .. 1... 6s eee: 187.889 97 390 
Rs ee ek ak i iat whale “od 68.944 83 850 
an, on 122.990 08 987 
2 eee Te 99 .877 47 534 
oe a ss at ot 23.946 37 923 
OS ge ee 115.788 06 366 
i) re 109 .940 04 116 
Li,S0,: era 127.955 10 706 
Gh arksi descent ERT ce ER 
iT aa Te Cee eee ee 24.305 38 570 
We oc i wm ee E* 42.1525 08 466 
ss a 48 .610 68 673 
ES Ge ok Hit dk ok 72.915 86 282 
ae ee 310.449 49 199 
Mee cee RRR RAO 184.113 26 508 
MgBrs: BED cw ne me Rw 292.205 46 569 
Mag(CyHTsON)g 5 de cet ed: Be “Ende Sb Ua 312.614 49 501 
a 
Ma CaHte0 N).@H.0 ..- a 5 348 .644 54 238 
ae (i va al ae ta Se US 84.314 92 590 
a 95.241 97 869 
MoCR OHA on ke we em ee 203.303 30 814 
OE glare 223 .206 34 871 
MgiClO,), OHO 65a ss ees 331.298 52 022 
eg ries 2 be Gee «a Peg 62.302 79 450 
OO 146.340 16 536 
MgNH,AsO,-6H,O ....... 289.355 46 143 
MgNH,PO,-6H,O ....... 945.407 38 988 
MOINUi\s «ciate ei ee eX 148 .315 17 119 
Mg(NO,),-6H,O .......-. 256.407 40 893 
Po ew em 40.304 60 535 
reer 20.152 30 432 
Ms(OH) cdo ee Ra Eee 58.320 76 582 
oe se 8 ke SE ee 222.553 34 743 
roti Sickie Oe oom a ce Oe Bed 120.367 08 054 
MgSO, -7H,0 Sh td oo eo oo et 246.474 39 177 
a ey i SS wk 100.389 00 169 


Side con: ee coe ee 140.694 14 828 
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Table 6 (continued) 


Formula Weight, a log a 





eS ot ee Great Be a 21 699 
Mn(CsH, 0), ee 245 .089 38 932 
(acetate 
Mn(C,H,N),(SCN)p ------- 487.54 68 798 
C. So | 114.9475 06 050 
selina A aerate 125.844 09 983 
nce -4H0 2... 211... 197 .905 29 646 
MnCl, -4H,0 ov 2e« = £2 8 8 185. 956 26 944 
MnNH,PO,-H,O ......--- 185.956 26 944 
MO(NGs, 6 os eee em a a rt 
Mn(NO,),-6H,O ...----- B7 040. 45 704 
a ems s vee 6 eae Ss 3 eg oe ara 
ee ee ae Pe sig eo at 
ot ee ae aged ian 
Mn,0, —-~we «2 # =m ee we tem 298 8419 35 948 
Mn,0, sie tat lw ome a on ee te i 38 “9528 94 916 
MOM «une me s 5 RM wee ea te Ope 
| A: ae ee oe op tn 
| ee a ee 451000 17 808 
MnSO, . 2.60% es Oo Tia oel ae Sas 
MnSO, -4H,O en *& = 'e£# 2 3 me 944 076 38 915 
MnSO,-5H,O ...--:-:--: 2ét .076 ae 


MyBO,THD «iene 2 ws 





oO, 
MoO, CHON), «se 24 tt 
Mcs eel Ae — 





o4 


———— a Tl 





{able 6 (continued) 





Formula Weight, a log a 
ee eens eerneeeeerrmnee ern 
ee ae 84.0402 92 449 
5.59N (“gelatin”) | ooo me 77.7372 89 063 
-6.25N (“albumen”)... . . 87.5419 94 222 
6.37N (“casein”)... .. - 89 2227 95 048 
Pe See 15.0147 17 652 
<r 16 .0226 920 473 
a 32.0453 50 576 
OW oct km kame lk 48.0679 68 186 
ene mike eee ee 17.0306 93 123 
ree 34.0612 53 226 
We te OME 51.0918 70 835 
ile Gn i 5 ae me 68.1224 83 329 
ee pe zawet sane 85.1531 93 020 
Giile wc em udhews 102.1837 00 938 
| gg EP a ere ee 18.0386 25 620 
ees 36.0772 55 723 
“i 54.4157 73 332 
2 a rs 32.0453 50 576 
MoM em eK 68.506 83 573 
Neo 6b mw he ee 104.967 02 105 
ae: en 50.0606 69 950 
he: a 5 Sr 130.123 11 435 
a pe EE a oa EO 33.0262 51 886 
NH, “OH-HCl] |_|... 69 .487 84 190 
(NH,OH),-H,S0,........ 164.138 21 524 
ce ee eS Ob et 97 .093 98 719 
NH, A(SO,)2 WHO 5 cis ws 453.33 65 642 
ear: 97 .948 99 100 
NHiC,H,0 Lt Cee ES ee G 77 .0836 88 696 
(acetate) 
eS | 96 .0865 98 266 
(NHLCOerHsO 5 5% 6 sw ES 114.102 05 729 
Ts Ma oh: MS: y 142-112 15 263 
(NH,).Ce(NO,), ... 1.65 548 ,23 73 896 
(NH4),Ce(SO4)s SHO . sui 632.55 80 109 
is: itr ska & oo wee 53.492 72 82 
NICO, oes ak eee 117.489 07 000 
SPs 152.071 18 205 
NEB ei@caweeee 952.065 40 151 
eee 37 .0370 56 864 
NH,Fe(S0,), 42H.0 ......, Pie 68 322 
ide seFe(SO,)q-6H,0 2. | | 392.11 59 344 
EE ES Ee ea 79 .0559 89 793 
NE Bo ti Swaewabaean 57 .0434 75 621 
(NOD. 115.026 06 080 
2 ae 132.057 42 076 


Table 6 (continued) 


Formula 





ie. ss & wae « £ & = 


se we wh & Sy ee tele 


0, 
NHNaltPOs- AHO . 
MICO ce REA 
(NH,),P0,-12MoO, .. 5. - 
(NH{)SPdCl, 
oN a 


6 *s6twraws#+#8ts 3 & ¢F 





. 
i a ee ee ee ee 


e . 
~ h <te S22 2 ee Roe Se 


a ee 22.9898 36 154 
"aa ier 45.9796 66 257 
ee 68 .9694 83 866 
ae er 91.9592 96 360 
a a 114.9490 06 054 
Ne . ac rea wees of 137 .9398 13 969 

209 .9413 392 210 


Wadi 2 yj mcr HER 8 9 F 
Wadishtls . 00+ eee 962.225 44 887 


—— ee 





ee eS 


N 


Formula 


S's + + wiz &£& 2 4 6 CG 


aBiO, 


(tartrate) 


Na,C,H;0, -51/oH 20 
(citrate) 


Na.C,H,O 
*(phthala 
NaCN . 


Na,C,0 


alate) 


1/,Na.C 


oh we we 


ee 
6,-10H,0 . 


5S Oat & & te WwW S&S wliig = % 


Na,CO,-10H 


, @ es 6 
>. ttt & wf 


2 ee § £ HS -s.DUlUCRlC lll Url ell le 


Na,{Fe(CN).NO 
wa GoBeusslate 


oe es 2 WV A 
SS 8 Bi eg & 
> = we aC 
Ss ses wt 6 
so = o- 6©ehCO 


| Weight, a 


129.9102 
424 .073 
342 .229 
37 .833 
137.861 
153.860 
201 .22 
100.64 
381.37 
190.69 
279 .968 
102.894 
138 .925 
150.892 
29.1487 
82.0348 


136.081 
230 .083 


357 .156 
210.098 


49.0077 
105.9890 

92.9945 
286 .142 
143.071 
134.000 


67 .0000 

58 .443 

74.442 
106.441 
122 .440 


484 .07 
297 .953 


169 .9074 





Table 6 (continued) 


log a 


11 364 
§2 744 
93 432 
57 787 
13 944 
18 713 
30 367 
00 264 
58 135 
28 033 
44711 
O01 239 
14 278 
17 867 
40 052 
91 400 


13 380 
36 188 


55 286 
32 242 


69 026 
02 526 
72 423 
45 658 
15 555 
12 710 


82 607 
76 673 
87 182 
02 714 
08 792 
60 631 
20944 
36 928 
41 825 
47 421 
62 313 
68 491 
47 415 


23 024 
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Table 6 (continued) 





Formula | Weight, a 
er a 
NAHAS, swe ss ww eo 185.907 26 930 
Na,HAsO,-7H,O ..- +--+: 312.014 49 417 
Na,HAsO,-12H,0 ...-+--: > 402.091 60 432 
NaHC,H,O, . =. + +++ 2° 172.071 23 571 
(hydrotartrate) 
NaHC,H,O, ..-:++ete*°* 188.116 27 443 
(hydrophthalate) 
NagHoC,pHypOgNe - - - + + 336.241 52 661 


a.H,C CiWesekint pw 6-8 372.242 57 083 
(cthyenediaminetetrancetate, dihyd- 
Nels. cee eee mn oe 84.0074 92 432 
1 ll: Pe ee 112.018 04 929 
NaHC,0,-H,0 ~~ « & 2 ew Se See 130.033 11 405 
NeterO, iwc eee bees 87 .9783 94 438 
Wat, 44 sere as 419.977 07 910 
NaH,PO, -2H.O . op aut &£ f= Ss 456.008 19 315 
Na,HPO, . een. ee 141.959 15 216 
Na,HPO,:-2H,O .--:+-::*°*° 177 .990 25 040 
Na,HPO,-12H,O ..---:-:-° 358 .143 55 406 
Wane... ow ges eee 8 56.062 74 867 
NaHS... ke 104.060 01 728 
a 120.059 07 939 
WaHGéy «ss ee et 150.96 17 886 
ee eg tie oe = 149 .8942 17 578 
A re cee 197 .8924 29 643 
re 213.892 33 019 
NaKC,H,0,-4H2O ----* °° 282 .226 45 060 
(tartrate) 
NaMo(U0O.)e(CoH302)0°6H29 - - 1496 .88 17 518 
Nas Moo, altel ne i ee 205.92 31 370 
Na , i ee 
NaN, “ ee 2 ee 65.0099 81 298 
NaNH, * gueae OE *™ 39.0124 59 120 
NaNH,HPO,.----:-*°*°"* 137 .008 43 675 
NaNH,HPO,-4H,0 - -- °° °° 209 .069 32 029 
NaNO, ¢ 2 eno eee GES 68 .9953 83 882 
Mate «ee ees BET! 84.9947 92 939 
NaQ ..-68 e678 et ® 61.9790 79 224 
Na . gees ete” 30.9895 49 124 
Mons cae EEE 77 .9784 89 497 
Meteo. ge awa 39.9972 60 203 
Sin wav ieee PM 101 .9618 00 844 
Mees swe RE 163.941 24 469 
Na,PO,-12H,O .--+°** 7" * 380.125 57 993 


|, ORE a a eT 


28 


Table 6 (continued) 
CS 











Ni(C,H,O,N : 
(dintethyleis 2 ei mate Pp eres Se 


Formula | Weight, a log a 
ee SS (aeeeeeEEn 

NasPathe on sew ns wm Kean 265.903 42 472 
Na, P,0, -10H,O heehee. 2 ww & 4465 .056 64 939 
ee ee 78.044 89 234 
Na,S-‘9H,0O .......... 240.182 38 054 
WY ow kaa mk ck me a 81.072 90 887 
Na,SO,; ............, 126.042 10 051 
Na,SO;-7H,O ....,.... «| 252.149 40 166 
| rr or rrr 142.041 15 241 
Na,SO,-10H,0 ...... i, 322.195 50 812 
a 158.14 19 896 
/,Nag5203 ......... 79.053 89 792 
Na,S,03-5H,O ....,... «CC 248 .18 39 477 
- TY/,Na.S,0,-5H,0 .... , . 124.091 09 374 
NaS,0,............ 174.11 24 082 
Na,S,0,:2H.O ......... 210.14 32 251 
>: ra 190.10 27 898 
a2540¢ 7. eee 238.10 37 676 
NasSbS,-9H,O .....2.~.~«C” 481.114 68 224 
MOM wos ok Re. 172.94 23 790 
Metre ew Eee 188 .056 27 429 
ST 9 rr rrr 122.064 08 659 
Na,SnO, -3H,O Ss  @ Sole ££ Bw i 266 ® 71 42 604 
@U,0,......,.,,.... 634.04 80 212 
Na,U,0,-6H,O......~. 742.13 87 048 
aV 05 -4H,0 Se aa: 193.994 28 778 
Co eee 293.84 46 807 
Na,WO, -2H,O f 2. £ © wiht «6 4 ite 329 .84 51 830 
NaZn(U0z)3(C,H,0.)5 -6H,O 1537.94 18 694 
NCL. 270.17 43 164 
Ps .eee, 265.809 42. 457 





59 


Table 6 (continued) 


Formula | Weight, a 
co ———— 


N i(CyHsN )g(SCN )o 491 .28 
(pyridine) 

Ni(C;H,O.N)o 330.97 

Gathrantete) 

oe 347 .02 
383 .05 
118.72 
170.75 
237.71 
129.62 
482.72 


i( 
Ni(NOs)s° 290.84 
Ni(NFy (SOD -6H,0 395.00 


15.9994 
7.9997 
31.9988 
47 .9982 
63.9976 
79.997 
95.996 
111.996 
127 .995 
31.0345 
45 .0616 
42.0173 
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Table 6 (continued) 





Formula 


(Cae oximate OF anthientize * 479.45 68 074 
losatn a2 “11/,H 
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Table 6 (continued) 


Formula Weight, a log a 





ooh eweien sean ad de Oa a 349 .00 
Paci eee 261.64 
PbCrO, th cheus Oi nh. crn ws 323 18 

4 245.19 
re tN ee 0 ee ee 461.00 
PbMo0, .1....,....., 367.13 
Pb(NOs), Sinan Ot nae 331 20 
i 239 .19- 


ae a ae oe ee a, ee ee ee ee) i ee, ee ee ee ee 2 (ed ee ee ee 


a £6 es 6@ & C&S wwe KE 8S eZ) hCoe 
s. & a ei: cer esis. mm 
s © wwe eelCUC OtOhlCUr,l CUCU 


e* «a witezs e& 8S 2. ' 8 


(hydrox quinolate) 
We we we eS 158.4 


) re ee ee 177.3 


> -— ima - @2 a ta € @ S mB: F 


sw ieweseteeeweeteeerT =“ 


a wp pew ee ES 
PdSO, -2H,O ~~ = = mm e eo SOY 238 .5 





Formula 


102.905 
205.810 
209 .264 
134.904 
253.808 





Table 6 (continued): 
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Table 6 (continued) 


a 


Formula | Weight, a log a 
SEGM «tite 6 ew wm s 174,25 24 117 
5G .. «KERRY WED 232 .33 36 611 

OS 4; i a a 290.41 46 301 
ee 348 .49 54 219 

SH 33.072 51 946 





Sb(CoHigON), ee ee es 554.21 74 367 
hydrox uinolate 

ShiGuH ONS), ee 770.60 88 683 
"5 ggg 298.14 35 814 
laa a 299 02 47 570 
ih Tre tT 502.46 70 110 
SbocL |) ol le 173.20 93 855 
rr ee 291.50 46 464 
i a 323 50 50 987 
Sbs ee alae hee a OE 250.04 39 796 
ae eee 339.69 53 108 
Sb,S, yoo gu ee sind ie i WE 403.82 60 619 


. . . ® a - - 
. . . . . . . . 
e ewwoeeek.azs. * 
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Table 6 (continued) 





Formula | Weight, a log a 
aa a 44.956 65 279 
wad Ce eee 89.912 95 382 
en 137.910 13 960 
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Table § (continued) 





Formula log a 
MM ssn aec aes @m Bee 8 150.75 17 826 
a © s mis 4-5 oe 6 Sa a 182.82 26 202 
|. ea a ar 214.88 33 220 
a. a 6.8 usa:ece mee ee 87 .62 94 260 
We kk kh RE 8D 43.810 64 157 
aa 175.24 24 363 
Sr(C,HjO.)o"/gH,O ..---- 214.72 33 187 
see ws ce es wet Re 175.64 24 462 
SrC,0, -H,O Ja « « ihe & & 193 .66 28 704 
hy res ee 147 .63 16 917 
OT cE ls > 6 ed 2 ee 158.53 20 O11 
a 266 .62 
ng le 203.64 30 880 
= ara a 211.63 32 558 
— x Oe Pee eee 263.68 45 268 
: Wa o.com oe out oe ae 121.63 08 504 
SHOtiy. ie oa 263.76 42 449 
S eo e¢ « «s *@ . 
= Se {83.68 26 406 
Ms os ce be We ee 499.75 30 049 
ee ee OS 180.948 25 755 
Sis eee 361.896 55 858 
Ti oc py wwe ES 358.24 55 414 
ae stage ce mm BES 441.893 64 532 
, eee 127.60 10 585 
ie am eR 255.20 40 688 
ie es HS 159.60 20 303 
ee ep ee mm oS 175.60 24 452 
ia er 191.60 28 240 
kM et & Re DB Mew! 2 Ff ei : 8. - :- 7 & © F 2 
Monee ee ee 232.038 36 556 
1) 464 .076 66 659 
THGHLONY «.eatts™! 808 .655 90 776 
Phirdrctveenttotete) 


9—1845 
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Table 6 (continued) 


















Formula 


| Weight, a log a 


eee 
Th(C,H,ON), -(C,H,ON) = 953.817 97 947 
(hptroxyduinolate) (hydrox yquino- 
ne 
Th(C,9H,0,N,), -H,0 
(picrolonate) 


Th(C,04). -6H,O 


(oxalate) 
Cl 





1302 .818 11 488 
916.170 71 279 
373 .850 97 270 





_ =m Fas * KB SB wT RE 
2 te Et ew eS UE CUS 


= Veeeke ss & w@ & we mR 


Th(s0, 


) 
Th(SO,)o-9H,0 


. . . 
[= SS £& eh we UUM hl 


. . ° 
_ ome es SST FC kam om ae wee Rew ewe lc ze es 


omy, =... tts 
TOs bd ewe tbe na. 
WMO, Shien e eae. ; 
TIC] 
TI 
205 


pin 2 20 on oe se? ae 2 es 


TIC,H,NS, | 


(mercaptobenz 
S 


; mw eS we eee lw 
ae, “oe = oe ew 


ae e fe Go ew me Se 2 
os «£ 2 FF wi « 
. . - p. 
. . 
"_ 7 2 FF 2s » ww 
. . ° P 
‘ . 
[=r es & 
. e . . 
. ° = 
_ = oP 2 t. A 
. . . 
. . s 
. 
7 2. & 2s «@ & 
. e - . 
. e a 
= Re we ww YS 
* e s 2 
. ° 7 
. . P 
" £ # = w & % He. 
. 


teste 
0,80, .. 


Formula 


149 .882 
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Table 6 (continued) 
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Table 6 (continued) 


Formula Weight, a loga 





V20;(C,H,ON) 


726 .499 
(hydroxyqu 





88 .905 94 893 
177.810 24 996 


2 : ; | 
atte | | 
2 ; | 
7 Ce ee) 
fo i? te Sh whe & be ee 337 .63 52 844 





. . . e 


2 
nolate) 


}s -H,O 


° 2 owse «4 


(hydroxyqu 


Zn(C,H,ON ) 
2m (Cote 2N 


* & 8S & «@ e« 
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Table 6 (continued) 


Formula 


Gy drchyauolatn 
r 





70 
Table 7 


Analytical and Stoichiometric Multipliers (Factors) * 


If g is the weighed portion of a substance taken for an analysis, 
a is the mass of a dried or calcined precipitate (gravimetric form) 
and f is the multiplier found in the given table, then the percentage 
of the unknown substance can be found according to the formula: 


aor %, logr=loga+log f+2—log g 


Where a and g are expressed in the same units. — 

Calculations must be made by discarding the characteristics of 
logarithms and leavin only the mantissas. Then, every calculation 
is reduced to the addition of three numbers 


log a + log f + (1 — log g) 





zr 


Substance 


being deter- Weighed portion 











mined Multiplier, log f 
‘Ags AcBr OD Oe 
Ag MEET «¢igise«mauusn 0.5745 75 926 
ee We Gk & eae 0.7526 87 658 
en ee i Ge es | 0.4595 66 224 
Al Al(C,H,ON), c£ ee: oe Se 


(hydroxyquinolate) 





BaC], 
BaCl, -2H,O 


ee 
BaSO, 


wah CH we Se 








* For the use of the table, see p. 460. 


Substance 
being deter- 


Weighed portion 
mined 


BiC,H,0, 
(pyrogallate) 

Bi(C,H,ON ), 
(hydrox yquinolate) 


Bi(CyH,9ONS)3*H,O 


(thionalide) 


CaCO, . 
CaC,0,-H,0 e 
(oxalate) 


CaO . 


Cd(C,;H,4NSz) 


2 
(mercaptobenz othiazolide) 


Cd(C,Hg02N )2 
anthranilate) 

C (Cold ON 
hydro 

C (CyoH, aN )o 
ee 

C 


Cd,P,0; . 


714 


Table 7 (continued) 


Multiplier, f log f 


0.2729 43 603 
0.06086 78 434 


0.2230 34 834 
0.4397 64 316 


43 822 
85 412 
46 894 
35 684 
25 158 
40 252 
46 569 
44 794 
39 114 


94 220 
75 111 
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Substance 


being deter- Weighed portion 
mined 


Cu(C,H5N ).(SCN)o 
_ (pyridine) 





Table 7 (continued) 


Multiplier, 7 


0.1881 
0.1806 
0.2200 
0.7989 


0.4866 
0.07261 


log fj 


68 721 
86 102 
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Table 7 (continued) 








Substance 
being deter- 
mine 


H,PO, | MasP.0: Ss son chapesy sip cat gy inaais | 0.8806 | 94 478 


*. 2s ©®§ 2 &- O84 8 &£¢€ 6&6 eS = ve 





Weighed portion 





Multiplier, 7 | log f 













H,SO, 





ee ee ee ee ee ee ee ee) ee ee ee a ae 













K K (CoHs)B eee es 0.1094 03 790 

same dm Beco siireuie On’ ca 0.5245 71 972 

KCIO, a ane tal CARD me Can 0.2822 45 058 

K N(CgHo)o(NOo)e 0.08192 91 340 
(dipicrylaminate) 

Riles Se ws 5h ORES 0.1609 20 658 





a: ae 0.4489 65 242 








Mg Mg(C,H,ON), F 5 arse ap a8 0.07775 89 069 
] 
aan nome) 0.2184 33 930 





82 382 
41 718 


0.6665 
0.2613 


» © hi mm & 2 2 fe. FS 




















wool, «& ww se he lh Ss Oe ss oF Cc 
, / wt ¢ 8 « 
so es SF ® 


ge +t &¢ se mew ce 8 


0.3237 o1 016 


Na, 
O.)4+(CgHg02)o X 
Nalin ala (aon | 0.01495 | 17 460 












Ni NiCgHyNie ss ss 0.2032 | 30790 
* matytetoninst 0.7858 | 89533 
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Table 7 (continued) 


SubStance 
being deter- 














mined 
Ni PHs FG GM oe ke a x | 0.3793 | 97 902 
ie eRe meses wee cul eee & & elm ae ewe 

P | Pt 0.2783 44 456 
(NH4)3P0,-12Mo0, A adie? « 0.01651 21 769 

(theoretic) 
0.01639 21 464 

(empiric) 
P,0,-24M00, ...... 0.01722 23 614 


0.4397 


0.4116 


0.4674 
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Table 7 (continued) 








Substance 
being deter- Weighed portion 


mined 























Zn Zn(C,H;N).(SCN). ....{ 0.1924 28 423 
(pyridine) 
AT oe. eee) 0.1936 28 694 
(anthranilate) 
Zu(CoH,ON)s .. «© s ws 0.1848 26 677 
(hydrox yquinolate) 
ZnHg(S Na Ter eT 0.1312 41 790 


ZnO. 





oa aoe oe eee ce a ee ee, Pe, ee 
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Table 8 


Solubilities of Inorganic and Some Organic Compounds 


The table shows the number of grams (P) of an anhydrous substance, 
given in the second column, which is dissolved in 100 g of water at 
a temperature indicated in the upper line of the table. When express- 
ing these data in weight percentage (P,%), i.e., in grams of an an- 
hydrous substance contained in 100 g of a saturated solution, the 


calculation is made by the formula P, = 100--P' 


_ S.Ph. stands for solid phase, i.e., a crystallohydrate which is 
In an equilibrium with a saturated solution. The third column gives 
the number of water molecules in a crystallohydrate (S.Ph.) which 
IS In an equilibrium with a saturated solution. If the solubilities of 
two or more crystallohydrates of the same substance are given for the 
same temperature (for instance, at 0 °C the solubility of Na,SO,+10H.0 





en i et 


Tempera 
a ————C—Cé CAA 
Formula S. Ph. 0 | 10 | 20 | 30 | 
°o 
A Solubility of an anhydrous substance in 
1) AgC,H30, . . _— 0.72 0.88 1.04 1.241 
2) AgF ... .| 2H.0 - 119.8 | 172.0 190.1 
3} AgNO, ... — 0.155 0.220] 0.340 0.510 
4) AZNO, .. . as 122 170 229 300 
5} AgsSO, ... ~— 0.57 0.69 0.79 0.88 
6] AIC], . . . .| 6H,O 43.8 44.9 45.9 46.6 
7) AI(NO3)3_ . . | 9H,O 64 67 75.4 81 
8) Al,(SO4), . . | 18H,0 31.2 33.5 36.4 40.4 


99.5 62.14 
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in Water 


is 5.0 g per 100 g, and the solubility of Na,SO,-7H.O is 

100 g), then the crystallohydrate having the poorest eclubition ai 
be in a stable equilibrium with the saturated solution, and the other 
crystallohydrates in a metastable equilibrium. 

The solubility values of sparingly soluble salts are estimated by 
their solubility products (see Table 10) 

In the table, the substances are arranged in the alphabetical order 
of the elements included in the formula which is written in the most 
common way. This must be taken into account when looking in the 
table for acid, base, double and complex salts whose formulas are 


occasionally written differently. 
The solubilities of gases are given at a pressure of 760 mm Hg. 









ture, °C 
40 50 | so | 70 so | 90 | 100 


100 g of water at a given temperature, g 








1.41 1.64 1.89 2.18 2.52 — 1 
222 .0 — — _ = — _ 2 
0.715 0.995 | 1.363 — — _ — 3 
376 455 525 — {669 — {952 4 
0.98 1.08 1.15 1.23 1.30 1.36 1.41 5 








47.3 _ 48.1 — 48 .6 _— 49.0 6 
89 96 108 120 132.5 153 159 7 
45.7 52.2 59.2 66.2 73.4 86.8 89.0 8 










128 [135 149 12 
2.392 | 3.01 | 3.65 | 4.45 | 5.7 | 43 
- — = — | 44 







246.6 257.4 





718 








Tempera 
Formula S. Ph. 0 10 20 30 
Zz Solubility of an anhydrous substance in 
21| Ba(NO.), . . | HO —- _- 67.5 = 
22| Ba(NO,), ..| — 5.0 7.0 9.2 | 11.6 
23} Ba(OH), . .| 8H,O 1.67 2.48 3.89 5.99 
241BaSO, ...| — —  |2x10-* | 2.4x 10-4 2.8x 10-$ 
25 BaSiF, ... -- — _ 2.1 10-2] 2.7x 10-* 
26) Be(NO;), . .| 4H,O 49.4 — — 52.3 
27 BeSO, ... 4H,0 37.0 -- 39 .9 43.8 





— 4.4X10-3] 3.5x | 2.8x 10-3] 2.4x10-° 
x 10-8 
= 0.3346} 0.2318 0.1688] 0.1257 





. 2 
32} CaBr,. . . .| 4H,O in — 
33] Ca(C,H,0.). 21,0 37.4 36.0 
H ae — 
35] CaCO, we 8.1x10-3] 7.0x 
«10-3 
36} CaCl, . . . .| 6H,O 59.5 65.0 
37/ CaCl, . . . .| 2H,0 “se _ 
38] Ca(HCO,), . . — 0.1615) — 
39 Ca(H,P0,), ome —- = 
40| Cal, = 182.5 | 194.4 
41] Ca(10,), 6H.O 0.10 0.47 
42| Ca(I0,), 10 mi a 
44) Ca(NO,), 2H,0 = 
45! Ca(NOs). 4H,0 102.4 115.3 
46 Ca(NO,), 3H,O = =e 
47| Ca(NOs), i = wal 
48] Ca(OH), — 0.185 | 0.176 
49 CaSO, 2H,0 a = 
90} CaSO, 2H,0 0.1759] 0.1928 
oi) CdBr, 4H,0 56.2 75.4 
. ww, i 2 . . 
52} CdCl, . . | 21/.H,0| 90.01 | 122.8 
53] CdCl, . | | H,0 = 1354 
941 Cdl, . |. | we 79.8 83.2 
ee ee OL 
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Table 8 (continued) 


ture, °C 
40 50 | so | 70 | 80 | 


100 g of water at a given temperature, g 













101.2 — 141.9 — 205.8 — {300 24 
14.2 17.4 | 20.3 | 23.6 | 27.0 | 30.6 | 34.2 | 22 
8.22 | 13.12 | 20.94 | 35.6 101.4 _ — | 

— —_ - — |4x10-*| — — |2% 

3x 10-2 | 3.3x10-2]  — = - — |9x10-2] 25 

— 58.6 | 64.0 a i ae = 
46.7 — |55.5 | 62 — | 83  |100 27 
oe ee ewes eer Cece: Geen eeeeey eee: (2 
T=, =- [= L=[=tete. 
2.4X10-3| 1.8x10-5] 1.5x | 4.3x | 1.0x | 6x10-4] — | 29 

x10-3 | x 10-3 | x10-3 

0.0973} 0.0761] 0.0576} — _ ~ — | 30 
— — — _ — — — | 34 
68.1 | ee et — — |e 
33.2 | 32.8 | 32.7 | 33.0 | 33.5 — — |33 
~ - a 2 — | 31.4 | 29.7 | 34 
4.4X 10-5] 3.8x10-5}  — _ — — — | 35 
— — — - -- -- — | 36 
— — 136.8 |441.7 [147.0 [152.7 [159.0 | 37 
0.1705) — 0.1750} — | 0.1795} — | 0.1840) 38 
- Sal vs = _ — |12.5 | 39 

242.4 —  |284.5 — [354.6 — [426.3 | 40 
0.64 0.90 | 1.38 ~ — ~ — | 41 
0.52 | 0.59 | 0.65 — | 0.80 — | 0.95 ‘2 
= — [132.5 | 154.9 — |244.8 = |e 

196.0 = — -- - ~ - |4# 

237, . -- — ~ — -- 
re jms | — | — be | = lee |S 
0.141} 0.4128] 0.116] 0.106 | 0.094} 0.085} 0.077 | 48 

6.3%10-3] } 4x | 34x | 2.7x | 44x | 49 
| x 10-3 | x40-3 | x10-8 | x 10-8 
0.2097 — 0.2047} 0.1974] 0.1966] — | 0.1649] 50 


151.9 -- 152.9 


135.3 — (136. 
y3'3 | 97.4 {100.4 | 4110. 














Tempera 
Formula S. Ph. 0 10 20 30 

Zz Solubility of an anhydrous substance in 

55| Cd(NO,), . . | 9H,0 | 106 

56| Cd(NOs), . . | 4H.0 - 

57 Cd(NO,). a # caer 


58} CdSO, . . .| °/3H,0 | 75.4 76.4 
591 CdSO, H,O = 


153 - 


| 

~j 
| & 

~)] 





















60/Ce(NH,).(NO5), _ 
61) CeNH,(SO,4). | 4H,0 ss 
62} Ce,(SO,), . . | 9H,0 20.98 
63] Ce.(SO4), . . | 8H,0 16.96 
64 Ce,(SO4), » & 9H,0 = 
65 Ce,(SO,4)s . w 4H,O a 










— 129.3 153.8 
-— 9.33 — 

10.08 6.79 
— 9.52 


—— 
—_—_ 











0.716 | 0.562 | 


67| CoC] . | 6H,O 43.5 47.7 52.9 59.7 
68 CoC], . 2H, — —_— — si, 
69] Col, . | 6H,0 138.4 159.7 | 187.4 233.3 
70) Co(I0). . | 2H,0 = _ 0.45 0.52 
71) Co(NOs). . .| 6H,O 84.05 = 100.0 111.4 
72 (N 3)2 - 3H,0 _—— maz on os 
73) Co(NO.). . 2)  — 0.076] 0.24] 0.40 0.60 
74) CoSO, . | 7H,0 25.5 — 36.3 = 
75 CoSO, 6H,O — — — ais 
76| CoSO, H,0 on wy 


“1+ -| = | 164.8 | 166.0 | 167.4 | 169.5 | 


78) CsAl(SO 
Ceci ‘oral 

80} CsClO, , , 
CsClO, . 

82| CsF 

83) CsIO, . , 

84 CsI0O, ih 


85 CsNO, .._. 
86} CSOH . | | 


12H,0 0.34 


ROR OADO 
Oc p 

‘e) 

— 


| 
co 
to 
w 
— 
~~ 
ide) 
to 
ie] 
© 
eo 
ww 
oO 
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Table 8 (continued) 
SS a en 


ture, °C 
es i; a 
40 50 | 


60 70 | 80 | 90 | 100 


100 g of water at a given temperature, g¢ 


— -- — — — ~ as SL 
199 ee — ms na sie 56 
= —  |ei9 — (646 — — |ege 57 
78 .6 — _— _ — a 58 
= 174 — | 70.3 |67.6 | 64.5 |58.4 | 59 
183.0 — 496.5 — 219.6 - — 60 
3.29 ica = = st 1.05| — | 64 
ra 4.67 | 3.88 = Z a — | 62 
5.95 — 4.04 — ome —_ -_ 63 
a _ 3.25 a 4.20 ee 0.46 | 64 
6.05 3.42 | 2.35 = 104 ms 0:41 | 65 
| 0.454 | 0.386 | 0.324 | 0,274 | 0.219 | 0.125 | 0 | 66 
69.5 - = a“ = 67 
te 98.7 |93.8 | 95.3 |97.6 |401.2 [106.2 | 68 
300.0 | 376.4 = ~ 1400.0 = — 169 
— 0.67 = - ‘a a 1.33 70 
126.8 a me - ™ = — |% 
_ — 167.4 |184.8 220.5 | 334.8 — 72 
0.84 - — = — _ — | 4% 
49.9 - _ — = ms | 
— — 55.0 — _ — — 75 
_ = — | 73.8 — |83.9 | 76 
eS 
| 174.0 | 182.5 [186.5 | = j194.4 | 198.6 [206.7 | 77 
0.89 = 2.00 _ 5.49 — | 42.54 | 78 
9030 | 248.3 229.7 |239.5 [250.0 |260.1 |270'5 | 79 
13/8 194 | 26.2 | 34.7 | 45.0 | 58.0 | 79/0 | 0 
4.0 5.4 7.3 9:8 114.4 | 20:55 |30:0 |g 
— — 160 -= — — a 82 
= = = — — -- — | 83 
- — — _ _ ~ — |B 
47.2 64.4 | 83.8 |407.0 [134.0 |463.0 197.0 | 95 
a - - — _ ~ — | 86 


6— 1845 
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Tempera 
Formula S. Ph. 0 10 86| 20 30 
3 Solubility of an anhydrous Substance in 
87| Cs,PtCl, . . _ 4.7X 10-5) 6.4% |8.6xX10-%} 11.9X 
x 10-3 xi = 
88] Cs,SO, ... _— 167.4 173.1 178.7 184.1 
| “tail i Te Pies Teta Reins ee 
89} CuBr, .. .| 4H,O 107.5 116.0 | 126.8 127.7 
90] CuCl, . . . .| 4H,O 68.6 70.9 = = 
91) CuCl, . . . .| 2H,O — _ 72.7 77.3 
LS ae -- — — 1.107 — 
93] Cu({0,). . .| H,0 sts i 0.153| — 
94) Cu(NH,).Cl, | 2H,O 28 .24 — 35.05 a 
95} Cu(NO;), . .| 6H,O 81.8 100.0 | 124.8 154.4 
96 Cu(NOs). “a w 3H,0 ae — — ae 
97; CuSO, . . .| 5H,0 14.3 17.4 20.7 25.0 
vcr pu ee ee ee 
98] FeBr, 6H,0 102.4 — 115.0 122.3 
99] FeCl, 4H — — 73.0 
100] FeCl, . . . .| 2H,O — — _ — 
101] FeCl, . . . .| 6H,O 74.4 81.8 91.9 106.8 
102 FeCl, os ma & # 2H,0 — — — aa 
103} FeCl, . — _— — —. _— 
104) Fe(NO;), . . 6H,O0 78.03 _ 83.03 — 
105] FeSO, . . .| 7H,0 15.65 20.5 | 26.5 32.9 
106] FeSO, ... H,O — — — — 
a ee ee 
A.) — 1.982x | 1.740 | 1.603% | 1.474 





x 10-4 


















108] H,BO, _ 2.66 3.57 | 5.04 6.72 
109} HBr _ 221.2 | 210.3 | 198.2 = 
110] H,C,0, 2H,0 3.54 6.08 | 9.52 | 14.3 
114 HaCaH, on 2.80 4.50] 6.91 | 10.62 
(Succinic) ‘ 
112 HaCH 40g ae 1145.0 | 126.3 | 139.2 | 156.4 
113 HCaH,0, ..| HO 96 118 146 183 
114] H,C,H,0. — = he - _ 
115) HC,H,0, — 0.17 0.21} 0.29 | 0.41 
{4 (benzoic) 
6} HCH;O, . | 0.090] 0.44] 0.22 0.30 
(alveylic) 
iS aa 82.3 = — 67.3 
BIO, 04) 236.7 — | 257.4 “2 


——_ 
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Table 8 (continued) 








ture, °C 
40 50 | 60 70 | 80 90 100 | 
100 g of water at a given temperature, g S 
1.2x | 29.0x | 38.9X | 52.5x | 67.5x | 91.5x | 87 
10-5 erie: x10-3 | x10-3 | x10-5 | 10-3 | x10-5 
189.9 194.9  |199.9 205.0 210.3 214.9 |220.3 88 





8.72 
21.5 
16.4 

176.2 


—— 


216 
0.56 


0.42 


63.3 
280.2 


131.4 - 
84.2 | 87.6 

— | 56.57 
171.8 181.8 
33.3 | 40.0 
_ ‘1443.9 
32.5 | 88.7 
315.2 a 
— 466.6 
48.6 ~ 


41.54 | 14.81 
171.3 — 
31.4 44.3 
24.4 35.9 
495.0 {218.5 
244 278 
0.78 1.16 
0.64 0.90 
59.6 56.4 
— {3414.9 






co 
mil tll wl | 


— 
om 


18.62 

65.0 

51.1 
244.8 


1.39 


23.62 
84.5 
70.9 
273 .2 


371 
2.71 


2.26 


360.8 


obo 


— 
o 
ol 


wll ll lel | 


30.38 
119.8 





40.3 |108 
130.0 109 
== 11i0 
121.3 |114 
344.4 |112 
— 413 
526 114 
9.88 {145 
8.12 [116 
= ear 
420.8 1418 


6* 

















Tempera 


i 
Formula S. Ph. 0 | 10 20 30 
iQ, Ee 


0) eee ww we x — 0.699 0.502} 0.378 0.294 
120} H,SeO, . . . — 90.4 122.3 ae 235 .6 


132.5 





123 H,TeO, wa 6H,O 16.17 35.52 cmt siien 
124) H,TeO, . . .| 2H,0 ses 33.85 — 50.05 
SE Ree Sie CS is 

125} HgBr, ...| — 0.3 0.4 0.55 0.65 
126} Hg(CN), ..| ~— ae 9.3 - i 


ore 5.6 6.6 8.3 
128 Hg.Cl, .. .| — [44axto-] | axfo-4 | mx i0- 


2.9 10-2 all 











130} KAI(SO,).. . | 12H,0 3.0 4.0 8.4 
131] KAuBr,. . . | 2H, = 18.3 = — 
(15 °C) 
132} KAuCl, . 2H.0 38.3 | 64.8 9 
133] KBeF, aol = ie 2.0 — 
134) KBr, . _— 53.5 59.5 65.5 70.6 
135] KBrO, . ~ 3.4 4.8 6.9 9.9 
136] KC,H,0, 1"/sH,0 | 246.7 | 233.9 | 255.6 | 283.8 
137] KC,H3O, AO | — = = — 
138} KCN. — 63 sa 71.6 = 
(25 °C) 
139) K,CO, 1/.H,0 | 105.3 | 108.3 | 440.5 | 113.7 
140 KeCoO 2 20.3 23.7 26.4 28 .6 
as Le 27.6 31.0 | 34.0 37.0 
142 KClO, . _ 3.3 5.0 74 10.5 
143) KClO, - 0.75 1.05 1.80 2.6 
144 K,Cr0, ; _ 58.2 60.0 61.7 63.4 
ye 2Cr,0, . ~- 5.0 8.5 13.4 18.2 
46 KCr(SO,), 12H,0 <a pe oe. eel 
‘ Ses cial Oe 44.72 | 53.55 ~ 
yes ~; ee 2H,0 — 94.93 | 108.1 
150 K3Fe(CN),° “| 7 oy "Tt a 
151] K’Re(cNy — |~30 36.6 | 42.9 ‘ 
152 6 3H,0 14.9 21.2 28.9 36. 
KIC, ree oe 22.6 27.7 | 33.3 39.4 


85 


Table § (continued) 








so 6] 650 S| «660 S| C0 | 80 | S80 | 00 


100 g of water at a given temperature, g 





0.186 | 0.146] 0.409] 0.076] 0.041} 0.000 449 

“aT 380.7 |383.0 |383.0 |383.0 |385.4 — 120 
7 7 ss oo = i — {22 
1718 [2753 °° = = = — [2 
57.19 — | 77.54 — 1106.4 — [155.3 1124 





0.91 1.27 1.68 


9.9 11.1 14.9 17.2 24.2 37.2 63.6 {127 














— a — — — ~ — 128 

5.6X 10-2] 7.8x10-*] 10.6 — — ~ — |129 
x 10-2 

ee Ne ee ee See Ramee at, 


11.7 17.0 24.8 40.0 71.0 109.0 |154 130 


re = a he — 192 131 
- —~ _ — 432 
145 233 405 - = = ae 132 
7 ) é 99.2 ' 134 
75. 80.2 | 85.1 90.0 | 95.0 
‘3:3 47.5 | 22.7 — 34.0 = 50.0 135 
323.3 = — — 
364.8 1380.1 |396.3 — 837 
_ = ; aie — |95 122 138 
96.8 1433.5 [139.8 [147.5 [155.7 [139 
o's a 354 37.2 | 39.5 414.3 144.0 440 
40.0 42.6 | 45.5 48.1 | 54.4 54.0 | 56.7 |444 
14.0 19.3 125.9 | 32.5 | 39.7 47.7 156.2 (4149 
4.4 6.5 9.0 | 11.8 |14.8 | 18.0 |24/:8 [443 
65.2 66:8 | 68.6 | 70.4 | 72.4 | 73.9 | 75.6 |144 
29.2 37.0 | 50.5 61.5 | 73.0 96.2 102.0 445 
— — = = =e — 146 
— — — mi = — — (447 
— - = = = _ — 148 
a — [142.2 — 150.4 sats — |449 
61.3 — 71.0 — 81.8 — 91.6 150 
42.7 i“ 55.9 | 57.5 | 68.6 74.8 177.8 1454 
45.3 52.0 | 60.0 - -- -- — (452 
ro i a ee Se ee eee eee al 
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Formula S. Ph. 0 10 20 30 
Solubility of an anhydrous substance in 
153] KH,(C,0,). | 2H,0 4.27 a on 4.29 
154) KHC,H,0, — 0.32 0.40] 0.53 0.90 

(hydrophtha- 
156] KHF, . — 24.53 30.10 | 39.18 -- 
157| KH,PO, = 14.8 18.4 | 22.6 — 
158] KHSO, = 36.3 vm 51.4 
159} KI ..... as 127.5 136 144 152 
160] KIO, . . . . - 4.73 nal 8.13 | 44.73 
164) KIO, . .. =~ 0.17 ove 0.42 — 
162} KMnO, . . . = 2.83 4.4 6.4 9.0 
163) KNO,. . . . _ 278.8 — | 298.4 — 
164) KNO,. ... _ 13.3 20.9 31.6 45.8 
165] KNaC,H,0, |4H,0 | 287% 40.6 | 54.8 | 76.4 
166} KOH . . . .| 2H.O 97 103 112 126 
167] KOH . | | || H,0 = = ns — 
168] K,PtCl, - 0.74 0.90] 41.42 41.414 
169] KSCN ‘a 177 196 217.5 | 255 
170] K,SO, —_ 106.2 106.6 | 106.0 — 
171) K,SO, — 7.35 9.22] 414.44 12.97 
172) K,S,0, ~~ 28.4 36.2 | 44.7 — 
173} K,S,0, .. . — 1.8 2.7 4.7 7.7 
174] KSbOG,H,O, | /,H,0 | — 53 | go | 42.2 
175] K,SiF, = a = 0.42 — 
176] Lag(SO,)p . . | 9H,0 3.0 | - | bs | 1.9 | 
177| LiBr 2H 1 
178| LiBr HO — i i saa 
ath, rieCOs 1.54 1.43 | 1.33 1.25 


84.5 


Tempera 
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Table 8 (continued) 





ture, °C 
40 50 _| « | «© [| @ | @ | 8 | 0 | too 60 | 70 | so | 90 | 100 
100 g of water at a given “Mtn Aue. e © u z 
= — 12.0 -—— — _— aa ie 
‘ - 2.0 — 4.6 ~- : 
nie an on mic _ — 33 155 
8.83 114.0 137 
96 .37 78. 4. ar = 
33.5 — 50.1 — 70.4 83.5 ro 58 
67.3 _ — — — 121.6 |159 
160 168 176 184 192 200 208 160 
12.8 —_ 18.5 — 24.8 -- 32.2 164 
0.93 - 2.16 — 4.44 -- 7.87 162 
42.5 16.89 22.2 — — — a 
ae oli 350 — 376 _- 412.9 164 
63.9 85.5 4110.0 138 169 202 240 165 
miei=[cle|=( @ 
136 147 — 160 — li — |res 
t.76 40 17 | 2.64 | 3.49 | 3.79 | 4.45 | 5.48 469 
290 325 372 420 488 575 674 170 
are = | acs face |e feed ae 
: ; 56 | 18.17 | 19. 17 
on, | oe lee — 106.6 | 119.3 = |t%3 
11.0 an — | 31.2 os — | 235.9 
— 75 °C) 175 
at Om = Led es ee 95 ist ( _ 0.46 — 0.954 
& j-|¥i-i-tlo 1s 1.5 a | _ | — | can — TT. bas? —- | —- | - | — | 000 fore 0.69 176 
te te a a — lo06 ‘73 
A 24 — 245 _ 
» ED “7 08 ; 01 — 0.85 -- 0.72 179 
= z cs — — — — 184 
a js OP. — 1435 — ast 183 
- = sil — aan = — 184 
174.8 —_ as an — 185 
pie ete Wa a 15.3 — |ans lier 
13.3 43.8 — . sd ‘ 187 
3 8 32.5 31.9 -- 30.7 — 29.9 488 


88 


Tempera 
Formula S. Ph. 0 10 | 20 «| 30 
z Solubility of an anhydrous substance in 
ato Solubility of an anhydrous substance in _ 
189) MgBr. .. .| 6H,O 91.0 94.5 | 96.5 99.2 
190| MgCl, . . . .| 6H,O 52.8 53.5 | 54.5 — 
191) MgI,_....|8H,0 | 420.8 — | 139.8 ~ 
192] MgNH,AsO, | 61120 ra — |3.8x10-2] — 
193| MgNH,PO, | 6H,O |2.3x10-2] — |5‘2Sc49-21 
194] Mg(NOs), . . | 6H,O 62.6 a 70.4 74.8 
195| MgSO, . . .| 7H,0 — 30.9 | 35.5 40.8 
196] MgSO, . . .| 6H,0 40.8 42.3 | 44.5 45.4 
197/ MgSO, . . .| HAO a it = — 
SS ne Ss A i ns i an 2 
198] MnBr, .. .| 4H,0 | 427.3 135.8 | 146.9 | 157.0 
199] MnBr, . . 2H, -- — — oe 
200] MnCl, . . .| 4H,0 63.4 68.1 | 73.9 80.7 
201} MnCl,. . . .| 2H.0 i “a jaa — 
202! Mn(H,BO,), | H,O a O19} — — 
(14 °C) 
203} Mn(NO,). . .| 6H,O | 102.0 17.9 | 142.8 = 
204] Mn(NO,), . . | 3H,0 fl cng aa 206.5 
205] MnSO, . . .| 7H,0O 53.23 60.04 — — 
206] MnSO, 5H, oe 59.5 | 62.9 67.76 
207] MnSO, 4H,0 - ia 64.5 66.4 
208} MnSO, H,O saat va — 
Se Sa Oe) a aa 
209] MoO, | = | ms | - | 0.138 | 0.264 | 
a SN EE SRN cecal Wiican! ON 
240] NH; ... | — | 89.7 68.3 | 52.9 | 40.9 | 
211) NH,Al(SO,), | 42H.0 2.72 4.84 7.417 10.10 
2121 NH.Br .* | 2 60.6 68 75.5 83.2 
213 Pi aC204 H,0O 2.4 3.2 4.5 6.0 
214, NH,C) . | 6 | 7 29.4 33.3 | 37.2 41.4 
215) NH,ClO,#* ~ 11.56 = 20.85 — 
216] (NH4).Co(SO,4)o| 61,0 6.0 9.5 | 13.0 17.0 
217! (NH,).CrO, — 25.04 na 32.96 | 40.4 
218) (NH,).Cr,0 — 18.26 35 46.5 
2191 NH.Cx(8@ , es 6 
crtolee ajo | 12H,O 3.9 va 11.9 
a a a 


*S. Ph. with 6H 
** Por NH4ClOq, sca, 


Solubility is expressed in g of anhydrous NH,4C10, contained 
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Table 8 (continued) 





101.6 | 104.4 107.5 — | 4113.7 — 120.2 189 
57.5 — | 61.0 _ 66.0 — | 73.0 490 
173.2 - = — | 485.7% —/ — {19 
wi _ — |24x10-?] — |] —  |192 
4x10-2| — |4x40-2] — |1.9x10-7]} — | —  /198 
78.9 84.5 | 91.2 — | 4106.2 {138.14} — 194 
45.6 ae — — — | — /195 
— 50.4 | 55.0 | 59.5 64.2 | 68.9 | 73.9 {196 
- mc a = 62.9 — | 68.3  |197 

168.9 1.8 |196.7 — 
~ | = ~ | 224.7 |225.7 |227.9 499 
88.6 8.2 — — — - —  |200 
~ 98.2 tiog.6 (410.6 | 112.7 [444.4 [145.3 [208 
- 0.69 _ = = =i 
- _ = = — —| — _ 203 
aa = = _ - —| — [204 
a - a - — — | — [205 
- e we = -- —| —_ 206 
68.8 — — 7 7 — {207 
= 39 55.0 | 52.0 48.0 | 42.5 | 34.0 [208 
2,055 | 2.106 | — | — eo 


| 0.476 | 0.687 | 1.206 | 2 


| 31.6 | 23.5 | 16.8 | 14.1 | 6.5 | 3.0 | 0.0 lato 
14, 26.8 | 37.7 53.9 | 98.2 [120.7 244 
91:1 99:2 107.8 |116.8 126.0 |135.6 |145.6 212 
8. a -- — —| — 
45.8 50:4 55.2 | 60.2 65.6 | 74.3 177.3 |244 
30.58 | 39.05 oa 48.19 — | 57.01 215 
22.0 27.0 | 33.5 | 40.0 49.0 =>) — ee 
-- 51.87 ~~ | 81.83 — =| — ay 

(75 °C) 

58.5 71.4 | 86.0 — | 4145.0 — 1155.6 218 
18.3 na — — = —| —  |219 


in 100 ml of a Saturated solution. 


ea 
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Tempera 

Formula S. Ph. 0 | 10 | 20 30 
Z Solubility of an anhydrous substance in 
220} NH,Cr(SO,), | 12H,0 3.9 — ~- 19.0 

(green) 
221; NH,F ... — 50 74 — _ 
222 (NH4).Fe(SO,4)5 6H,O 17.8 same 26.9 nail 
223) NH,Fe(SO,). | 12H,O — — 124 —_ 
224) NH,HCO, . . -- 11.9 15.8 21 27 
225 NH4HP0, — 171 190 a 260 
(14.5 °C) 
226] NH,H,PO,. . _ 22.7 — 36.8 a 
227| (NH,4),HPO, — 42.9 57.5 68.6 — 
228} NH,I .... — 154.2 163.2 | 172.3 181.4 
229 NH,LiSO, —— — 24 — 55.94 
230} NH,NO — 118.3 — 192.0 241.8 
232) NH,S — 119.8 143.9 | 170.2 207.7 
233) (NH,),SO, — 70.6 73.0 | 75.4 78.0 
234) (NH4).S,0, — 58 .2 _- — 2 
235] (NH,),SbS, | 4H,O | 71/2 — | 91.2 | 119.8 
236] (NH,).SeO, — _— 1.22 -- _ 
(42 °C) 

237| (NH,4).SiF, — —_ — 18.6 — 
238) NH,VO, .. — ~ 8 





241] Na.B,0O, . .| 10H.O 1.3 1.6 2.7 3.9 
242| Na,B,0, | || 5H,0 i = 9 — 
243| NaBeF, . . || 2 a a 1.4 — 
244] NaBr . . . .| 2H,0 79.5 = 90.5 97.6 
ip atta Bis & — a a — = 

aBrO, o iwi ve — 27.5 os 34.5 —. 
247! NaC,H30, . . | 3H,0 36.3 40.8 | 46.5 54.9 
248] NaC,H,0,..| 7» i = on 126 
2491 Na,CO; . | \| 10H,0 | 7 12.5 | 21.5 | 38.8 
250) Na,CO, . . | H,O - = in 50.5 
251] Na,C,0,. | || 7 = - 3.7 — 
252) NaCl... | 35.7 35.8 | 36.0 36.3 
293} NaClO. . . || __ 29.4 36.4 | 53.4 | 100.0 
294) NaClO, . . | — 79 89 104 113 

. « +1 H,0 167 _ 

i. en ee a a eae = 
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Table 8 (continued) 


es 
ture, °C 


| «4 | so | so | 7 


100 g of water at a given temperature, & 


32.8 — = = a ~ = 
en — |aat = — = — aes 
_ =x {73.0 — 222 
38.5 a 53.4 — a —  |400 228 
36.6 = ne ~ _ a — [225 
56.7 82.9 — ize? = ei 
81.8 — 197.6 | 106.0 — — = 
190.5 | 4199.6 |208.9 | 218 s 228 .8 — {250.3 oe 
56.24 _ 6 r “0 
580.0 |740.0 |871.0 |230 
297.0 | 344.0 |424.0 499.0 0 0 43k 23 
= = = = a D 
ay 235 — |347 
_ 195.3 — [103.3 233 
81.0 — 6.0 _ nn om — 234 
= ~ = = a om — [235 
= ag _ _ = —_ — 236 
¥ 7 7 = ~ — |55.5 1237 
13.2 17.8 — | 30.5 — = — [238 
1.14 0 239 
4.40 $.76X | 3.24X | 2.67% | 199% | 1-447 
x 10-3 | x 10-8 | x 40-8 x 10 di La lotll het — 240 
ot ee, ee ee es 
_ - _ — |o44 
6.7 | 10.5 } 20-3 | 97% Jats | 41.0 | 52.5 [242 
=e = - a ne = 2.8 243 
ie > - : = st 4 
105.8 | 146.0 - —  |yg-2 — 121.3 [245 
oe | — lor | —-1 | - (= 
65.5 | 83 [139 — |isg 461 |t70 ‘(248 
129.5 | 134 139.5 146 os | aa 249 
= 46.2 | 45.8 50 
48.5 — | 46.4 i = 6.33 |254 
ce lao |e | ore [pe | 0 |e ee 
110.5 | 129.9 — 139 — |e30 — ‘fa54 
126 140 155 172 — a si 255 
243 = = 304 —  |324 256 


Tempera 
i —— 
Formula S. Ph. 0 | to 20 | 30 | 





Solubility of an anhydrous substance in 


Na,CrO, 10H,O | 31.70 50.17 | 88.7 -- 
Na,CrO, 4H,0 _— — aan 88.7 
Na,CrO, — — — _ 1. 
Na,Cr,0, 2H,0 | 163.0 170.2 | 180.4 196.7 
a,C,0, aa —— — ae ae 
NaF , — 3.53 4.01} 4.17 4.20 
(45 °C) 
Na,Fe(CN), | 10H,O — — 17.9 — 
Na,HAsO, 12H,O 5.9 16.4 | 33.9 49 .3 
NaHCO, — 6.9 8.15] 9.6 44.3 
NaH,PO, 2H,0 57.9 69.9 | 85.2 | 106.5 
NaH,PO, H,O — — a _. 
NaH,PO, — —— — ae og. 
Na,HPO, 12H,O 1.67 3.6 7.7 20.8 
Na,HPO 7H,0 — — — — 
Na,HPO, 2H,O — — — <mae 
Na,HPO, a — swe gis 
Nal. .... 2H,0 | 158.7 168.6 | 178.7 |190.3 
ne — -- — — = 
NalO, H,O 2.5 4.6 9.0 11.0 
NalO, — — — _— = 
Na,MoO, 10H,O | 44.3 64.7 _ ~~ 
Na,Mo0, 2H.0 = — | 65.0 | 66.1 
aNO, — 72.4 77.9 | 84.5 91.6 
NaNO, — 73 80 88 96 
NaOH 4H,O 42 54 -- s 
NaOH H,O — — | 109 119 
NaOH — — wer — — 
Na;PO, 12H,0 1.5 4.4 11 
Na,P,0, 10H,0O 3.16 3.95] 6.23 9.95 
a,S 9H,0 se 15.42 | 18.8 | 22.6 
NaS 6H,O = vf ous _ 
Na,SO, 7H,O 13.9 20 26.9 36 
Na,SO, _ — chet _— — 
Na,SO, 10H,O 5.0 9.0 | 19.4 40.8 
Na,SO, 7H,0 19.5 30 44 - 
Na,SO, a = =e om 50.4 
Na,S,0, 5H,0 52.5 61.0 | 70.0 84.7 
Na,S,0, 2H,O = — _ 
Na,S.0, — — — — = 
Na,S.0, 7H,0 45.5 — —_ 
42520; — ~ — 65.3 — 
Na,SeO, 10H,O | 13.30 - - 78.74 
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Table 8 (continued) 


ture, °C 


| « | w | « | | » | @ | se 
100 g¢ of water at a given temperature, € 


95.94 | 104.1 |114.6 


~ 
bho 
a 
=| | 


cm = nn 124.8 — 126.2 
220.5 % (283.4 1323.8 [385.4 at — 
pe | eae a" a“ = — 431.9 
hao | 455 | 408 | — | 489 | — | 5.08 
30 - i — |59 — | 63 
69.5 | 99.4 144 [184 [186 [189 — 198 
12.7 14.45 | 16.4 Decomposes 
138.2 -_ = - = id Me 
— {198-6 1253 |490.3 [207.3 |225.3 [246.6 
51.8 = nae - - _ — 
a gg.1 | 92.4 | 102.9 - 
= | oe ee = — ~ jto2.2 
2 = - - ol 
05.0 | 227.8 [296-5 Jo, foos «| 300302 
23.5 - — — 
Ss |) ae |e 2 log5 | 29.5 | 33.0 
a - - - ni — | 83.8 
og | soed oi — {132.5 — 1163/4 
104 114. «—«(124 — [48 — {180 
4 ac ee _ — a — — 
29 | 145 M4 logg 33.7 — |347 
31 43 55 — — 
13.50 | 17.45 24 .83 — | 30.04 a. in 
BS |) ot, | aoa | 43.81 | 40-45 | 57.28 | — 
37.0 — |a39 — | 29.0 — | 26.6 
ge | ay |68 wei 143.7 | 42.9 | 42.5 
102.6 = — _ = = a 
ak —~ eee, = pe — [266 
4A — |79.9 — | 88.7 — too 
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Tempera 
ELD 


Formula S. Ph. 0 10 20 30 


Solubility of an anhydrous Substance in 





300] Na.SiF,...| — 0.43 


a 0.73 _ 
301i) NavO, ...]/ — — — — — 
302} Na,WO, . .| 10H,O | 57.58 poe = — 
303} Na,WO, . .| 2H,0 71.64 “nt 72.4 _ 
304] Ndy(S04), . . | 8H,0 | 9.6 } — | 74 | 5.3 
305] NiBr,. . ..|3H,O | 112.8 122.3 | 130.9 | 138.4 
306] NiCl, . . . .| 6H,O 51.7 i 55.3 -- 
307 NiCl, >. we & 4H,O — — — _—— 
308} NiCl, . . . .| 2H,0 = _ _ — 
A a cits 124.3 135.3 | 148.1 | 161.4 
310] Ni(NH,)2(SO,)o| 6H,O - 3.2 5.9 7.8 
314] Ni(NOs)p . .| 6H,O 79.58 ns 96.32 — 
312) Ni(NO3), . .| 4H,O —_ _ — — 
313 Ni(NOs), ° . 2H,0O - —- —_— ae 
314) NiSO, .. .| 7H,O 27.22 32 = 42.46 
315) NiSO, .. .| 6H,O = << = — 
altel ei a Pi Sea 
31640, ....., suis 6.948 X | 5.370x| 4.339 x | 3.508 X 

X 10-8 | x 10-3 | x 10-8 | x 10-3 
Pr O, ... &x — 3.9 2.9 2.4 7% 10-4 
x 10-7 | x 410-3 | x 40-3 
318] PbBr, .. . _ 0.4554 _ 0.85 1.15 
319] Pb(C,H50,). | 3H,0 "| 45.6 | 55.0 = 
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Table 8 (continued) 


| 40 Ce ee Le 


— 80.15 - _ a — | 72.83 |299 
1.03 a a 1.86 = 2.46 300 
26. — 9.97 | 36.9 me - scan 
6. 93 = 3 9 = = = 
77.9 = om — | 94.2 — |97.2 803 
| 4A | 3 3 | 2.8 | 2.5 | on | 1.2 | 1.2 [304 
144.5 | 150.0 {152.5 — 153.8 — 155.4 305 
7 — 5 a - - — [307 
72.5 = 80.5 ~ = se 8 
174.0 | 483.2 (484.1 [185.7 |187.4 | 188. = 
11.5 14.4 17.0 19.8 25.5 — ive (0 
122 °3 -- = Olar7.4 _ = — Gio 
- ee: eee . — |235.2 — (343 
a i as vii — 1844 
_ 50.15 | 54.80 | 59.44 | 63.17 — |%76.7 (345 
3.08 9.274% | 1.857 X| 1.381 x] 7.87 0 316 
x 10-3 eg BS x 40-3 | X 10-8 | x 10-3 | Xx 10-* 
4X 10-4] 4x 10-4] 0 — - — =». SF 
ee oe oe ee a 
= 3.34 _ 4.75 |318 
+ 1.98 oe a oe — _ }200 319 
- 2.62 -" 3.34 1320 
ny i ae r= — — — 324 
12. 49.7X — 30 2X -- 43.6 X |322 
x ries erie x 10-2 x 10° <x 10-2 
75 85 95 — 115 -- 138.8 323 
5.6X - = — — -- — 324 
- 7.39 = | 9:95 — | 69 325 
ne 109.3 |115.5 | 124.4 127.2 |4133.4 188.9 |326 
an 1598 | — — — 1 62:8 1397 
2.3 35 4,85 6.72 9.2 12.7 18 398 
116.7 | 455.6 {200 254 309 375 452 399 
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Tempera 
Formula S. Ph. 0 | 10 | 20 | 30 | 


Solubility of an anhydrous substance in 


330} Rb.PtCl, . . — 13.7X | 20.0 | 28.2 39.7 x 
X 10-8 | X 10-3] x 10-3 | x 10- 





335] SnCl, . . . .| 2H,0 83.9 — | 269.8 — 
(15 °C) 

836] SnI, 2... | = _ 1.0 1.2 
837} SnSO, 2. | _ = 19 — 
SE See es Ge eee Se 
338) SrBr, . . . .| 6H,0 85.2 93.0 | 102.4 | 111.9 
339] Sr(CsH30,), || 4420 | 38°69 43.61| — — 
340 St (CaH30a)s 1/.H O — 42 .95 41.6 39.5 

SrCl, . . . .| 6H, 43.5 47.7 | 52.9 58.7 
342 SrCl, cs & % 2H,0 _—_ _—— — — 
343] Srl, . . . .| 6H,O | 465.3 — | 177.8 _ 
344 Sri, 2H,0 —— ae Snares ii 
345) Sr(NO,). . .| H.O 52.7 i 63.95 _ 
346] St(NOs), . .| 44,0 | 40°4 — | 70:5 — 
347| Sr(NOs), . .| 2 = - “ 88.6 
348) Sr(OH), H,0 0.35 0.48] 0.69 1.01 

(Calculated for 

rO) = 

349) Th(SO,). . .| 9H,0 0.74 0.98] 1.38 1.995 
350/ Th(SO4). . .| 8H°0 1.0 1.25| 1.62 a 
351! Th(SO4), : || 6H0 1.50 = 1.90 2.45 
352 Th(SO,), e 4H,0 — oe sein ~ 


353} Th(SeO,), . | 
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Table 8 (continued) 





ture, °C 
40 50 | 60 | 70 | 80 | 60 | 100 
ee ee, Se Ne SE Seana. Simnas 
100 g of water at a given temperature, ¢ 2 
96.5 X — 99.7xX — 182 X _ 334 * [330 
x 10-3 x 40-5 x 10-5 x 10-5 
98.5 63.1 67.4 71.4 75.0 78.7 81.8 {334 





123.2 135.8 150.0 a 181.8 - 222.8 ry 
| 8 las 36.24 | 36.40 | 96.24 | 36.4 [340 
_ =“ | 95.9 | 90.5 — |to0.8 [342 
191.5 unt = — [270.4 05. 0 ss 
"= 97, -_ |} = ) 
90.1 = 38 | 96 |98 (100 — leer 
1.50 2 48 3.13 4.53 7.03 | 13.6 24.2 |348 
in oe ee oe a ee 
2.008 | 5.22 | — - | = - | -— je 
4.04 | 2.54 ee tT ao) sn — iso 
ve — | - ma — (353 






— 1.2 


— | 36.65 57.31 1356 
65.32 | 81.49 166.6 [357 
— 358 


69.5 |411.0 |200.0 [414.0 [359 
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Tempera 

Formula S. Ph. 0 10 20 | 30 
Z Solubility of an anhydrous substance in 
360} TIOH .... -- 25.44 ~- — 39. 
361) TI,SO, ... — 2.70 3.70 4.87 6.16 
362} Tl,SeO,. . . — ~- B10 2.8 — 
363| UO,(NO,), | 61,0 | 98.0 | 108.3 | 125.7 | - | 
364| Yb,(SO,), . . | 8,0 | 44.2 | “s | 38.4 | sas | 
SU cee AS SS Ges Cee feo 
365 ZnBre ... 2H,O0 389 .0 —- 446.4 528.1 
366] ZnBr, . cat a = ne is 
367 ZnCl, .... 3H,0 207 .7 — — _ 
368] ZnCl, . . . ./ 2/0H,0| — | 274.7 | 367.3 -- 
369 ZnCl, i So & a — — — —— 
370 Zn(C105)q . . | 6H,0 145.1 152.5 _ ag 
371 Zn(ClOs), . . 4H,O _— — 200.3 209 .2 
372 | ae 2H,O 430.7 457 .3 484.9 = 
373 Znle .... _ 429 .3 — -— — 
374 Zn(NOs3). . »| 6H,O 94.77 ~ 118.4 — 
375 Zn(NO3;). . a 3H,O ot — —* == 
376 ZnBO, ... 7H,0 41.9 47.0 54.4 — 
377 ZnSO, . 6H,O _ — — — 


378] ZnSO, . . |] HAO 


ture, °C 
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Table 8 (continued) 


7 LE III EEE 
40 50 
LLL rol 
A 


{00 g of water at a given temperature, g 


49.5 


_—- 


9.21 


73.8 _ 
t0.92 12.74 


106.0 126.1 |148.3 |360 
14.61 16.53 | 18.45 |364 
8.5 — 10.86 |362 


| = | 203.4 [365.2 | —< | - | 426 |i76 [363 
| 21.0 | _ | 10.4 | 7.22 | 6.92 | 5.83 | 4.67 [s64 


ww 
Le 


lor) 
—_ 
1°) 


cS 
co 
co | c 


wl | i % 


~ 
o 
~] 


~ 


oo 


Pld 


— 
672.0 {366 
—  |367 
— {368 
614.4 |369 


me 
=~ 
& | 


ao 

—_ 

— 
Li Eel 


490. 


oll] ileal | | 
co 
~] 
cS 


co 
Cw 
co 
—) 


oS 

alli lititir idl 
= 
—) 


oll | | 
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Table 10 


Solubility Products of the Chief Sparingly 
Soluble Substances 


The solubility product (SP) of substance Ct,,An,, which breaks 
up into ions according to the equation 


Ct,,An, == mCt + nAn 


whero act is the activity of cation Ct, and aay is 


he indicator of the solubility product pSP 
lubility product taken with an inverse 


j aa geen 

is SP = act @an > 
the activity of anion An. T 
is the logarithm of the so 


sign. 
the solubility of a sparingly soluble salt in water 


When calculating a 
or in a solution of other salts by the value of the solubility product, 
Sg with 


account must be taken of: (1) the reaction of cations being fc 
the hydroxyl ions of water; (2) the reaction of anions being formed 
gth of a solution on which the 


with hydrogen ions; ©) the ionic stren 
activity coefficients depend, and in some cases also (4) the poten- 
tialities of complex-ion formation. The ways of making such calcula- 
tions are described in the textbooks of analytical chemistry. 

In addition, account must be taken of the presence, in the solution, 
of non-dissociated molecules of a dissolved salt whose concentrations are 
found by dividing the SP by the corresponding value of K (Table 38; 


figures marked with an asterisk). 





Formula of Substance | SP | pSP=—log SP 
a 
-24 

Ac(Ga04)s ds ee ; x ie 23.7 

Pewee ee epee - 
Astaro? gem ba weed : % Gyan a 
saree Gt) 0.4 
ae eg eee 5.3 X 10-18 12.28 
ps rr 5.5 x 10-5 4.26 
iaeme.. .... 4x 10-3 2.4 

ech Rye wee eT ot Wee 15.84 
Wee mw ee 8.2 X 10-22 11.09 
i, eT 3.5 x 10-1 10.46 

ee gan 1°78 x 10-2° 9°75 
hei  * me oe 2x 10-4 3.7 
ApClO? Pe te ee te 5.0 x 10-2 4.3 
a, lc se St 1.1 x 10-22 14.95 
Bee, S deda es 1 x 10-10 10 
AGFACN),. 1.0 e et 1 x 10- 99 


ee"... aa 
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Table 10 (continued) 














Formula of substance | SP pSP=—log SP 








Ag,Fe(CN),.......... 1.5 xX 10-4 40.82 
AgoHVO,4(2Ag*, HVO?7) 2X 10-14 13.7 
ee eee 8.3 & 10-17 16.08 
BOE ss wee bee we cr 3.0 & 10-8 7 oe 
AgMnO, ........... 1.6 x 10-3 2.79 
Mle 5 oem 28 Be 2.8 x 10-12 11.55 
es ci Rab ec emeee 2.0 & 10-5 8.54 
EN Ble ak ence. 1.6 5¢ 70" 3.80 
Ag,O(Ag*, re te es oe ed 1.6 « 10-8 7.80 
kb. de hate woe oo otis 2.3 x 10-7 6.64 
Ag,PO,F(2Ag*, PO,F2-) 8.9 « 10-4 3.05 
Mer ie i eG a wi; ki mmee 1.3 X 10-2 19.89 
BONO, 2. ie wanes mm ie 7.95 x 10-5 4.10 
Es dad: Gb oe ceca. &: ee ce 6.3 & 10-59 49 .20 
BOSGN «6 bin tt mma 1.4 * 10-12 11.97 
Meee is sm en when 1.50 x 10-14 13.82 
AgSO,NH,(Agt, SO,NHz) 1 x 10-2 4 
AEB ci ew iG EK HRG 1.6 x 10-5 4.80 
7 at ee eee 4.0 X 10-16 15.40 
St wigs c ie oo 9.0 x 10-16 15.01 
Swi be 20 oUt Se. & a. be 9.6 & 10-8 7.25 
bc: et Ge: & Be ce. ow 5 X< 10-7 6.3 
jmmex We Ow & 9.5 X 10-12 41.26 
5 2 2 ee ee 1.6 X 10-16 15.80 
ok ww 1 X 10-32 32.0 
7 1 x 10-28 23.0 
Oe et owe 2.5. 1.6 X 10-13 12.80 
1.2 & aoe oe ete « 9.75 & 10-19 18.24 
“oe? on ee ee 2.7 X 10-20 19.57 
ate © @ a Bear &. oe 1X 10-56 56 
Cwm kh OE Bic bw 5.0 x 10-17 16.3 
i oe Oe Fike be ee 4.0 X 10-36 35.4 
Pm & wae ow me 2.0 * 10-13 12.7 
aa eee 3.2 X 10-25 24.5 
a8 se a & eevee So ee 5.5 & 10-46 45.26 
PP is. oi or c. eae 1.6 x 10-23 22.8 
Me hs aww ie eg me 1 x 10-46 46 
2a Me cb ew 7.8 & 10-51 50.14 
a ee ee 5.5 & 10-6 5.26 
a eee 5.4 x 10-9 8.29 
PSS ecw ek bm. 4.4 x 10-7 6.96 
RO eee ee a 1.2 & 10-10 9.93 
1.4 x 10-6 5.98 
Sey 2 oo ee 3 X 10-8 7.5 
PR Oem ees mk 1.50 x 10-9 8.82 


Formula of Substance 


ea in “eo 8 &» Lf @ ££ 8 © 


Ba, 4/2 * ce cttw eS &£ & F* S 


Be(OH),(Be2*, 20H-) . . - - 
. (BeOH* , OH-) 
5 a aa 


BiOCl(Bio+, ‘og ee 
(BiOCl + H,O = Bi**+ + 

+- 90H--+- Cl)... +> 

BOR. oa 1 ew eet 

(Gj: iar 

Meh pk eee eT 


. 
os = cw m 2 &« 2 Bi as 
. . 
as «we ihe 2 = em 


CaHPO,(Ca2*, HPO3") 
Ga(HaPO,)e(Ca" 2H,POa) 
callOph a 


oO 


or 
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Table 10 (continued) 


sp pSP——log SP 
2.5 x 10-10 9.60 
4x 10-8 7.40 
4.5 <x 10-8 2.35 
5.0 x 10-3 2.3 
4 xX 107? 6.4 
.03 x 10-39 38 .22 
3 x 10-23 10.5 
4 x 10-8 2.4 
.25 xX 10-3 1.28 
8.0 X 10-7 6.4 
4.1 X 10-1° 9.97 
1.6 x 10-5 4.79 
2.8 X 10-12 10.55 
4 x 10-8 3 
3.2 x 10-2 1.50 
6.3 X 10-*? 21.2 
2x 10-34 13.7 
2.8 <x 10-° 9.36 
8.4 x 10-7" 18.09 
7 x 10-° 8.85 
4.8 x 10-3} 30.75 
4x 10-1° 9.4 
3.2 x 10-3 31.5 
1.3 X 10-3° 22.90 
4 xX 10-9? 97 
6.8 X 10-19 18.17 
7.7 X 10-7 6.44 
4.8 x 10-° 8.32 
2.3 x 10-9 8.64 
7.4 X 10-4 3.15 
4.0 X 10-1! 10.40 
27 x 10-7 6.57 
4 x 10-8 3 
4 x 10-8 7.4 
7.0 x 10-7 6.15 
5.5 xX 10-° 5.26 
4.4 x 10-4 3.86 
2.0 x 10-28 28 .70 
4 x 10-5 2.4 
4.6 X 10-58 57.8 
1.3 x 10-8 7.89 
9.4 xX 10-8 5.04 
4.7 X 10-8 5.53 
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Table 10 (continued) 





Formula of substance | 
— SP | pSP=—log SP 
If, . 
illite thle 8.4 
Se eee ones ie ae 4x 10-4 
Cdy(ASOy)p 2. 9.0 x 10-9 +e 
CN oct me ca 2.2 X 10-85 8.06 
| sek 5 wc dod 32.66 
aa A ih nlp Bll cli det 5.2% 10-22 8.0 
CdsFo(CN)g 1.5 X 10-8 11.3 
( H3)6(BF 4). so 3.2 X 10-17 7.8 
sey ee? Saree a 2x 10-8 16.49 
cd(OH), pesnintintas) coe ee 2.2 * 10-14 ae 
al ee “7 Ste 5g ° 
. 9 X 10-15 14.23 
CaS0Q, « . epee bea 7.9 x 10-2? | 
a en 1.30 x 10-9 26.10 
627 (C204)s pes eee 2x 10-8 8.89 
BMah a inssiatss. 2.5 X 10-29 5.7 
e(10 Ya ee oe 2 3.2 28 .60 
ce(OH) Se hb ae 9.50 
Sort, ari 20H-) oo * tH fe 4 5 x io-i0 16.3 
e0,(Ce4*, 40H-) ms ee eS rl x rm 19 .82 
Coy ae 25% Poe 24.0 
€3(SeOs)g ied nckeld eek. ‘oy ar 50.6 
mo. ........."* 3.75 X 10-25 1.7 
er, sgl tesla tinted, 7 6 x 40-29 24.43 
C C, See Me Ge ceca e cac 1.4 x 4 -13 28 .12 
ent: PEN Sw as 8:3 3 10-8 12.84 
Colt es dommeet “| cea cies 7.2 
Oe ots * ‘e] | 1.50 x 10-8 14.74 
GONHs)(BFa, ss 1.0 X 10-4 an 
Co(OH),. e ads ea J; . 4 x 40-8 age 
on re 1.7 x 10-12 3 
" © 11.77 
es ss -| 6.3 x 10-78 14.20 
offinks treshly-precipitaedy” * | 2.0 x 10-28 a 
clink, ter ieieh 2 04 ee 2.0 x 10-16 = 
oo a SB © 6 BES ww P 45.70 
= ee x 10-45 
+ oe 4.0 x 10-2 ond 
GeO tt: See) OS ee 24.70 
Gr NEa)o(BFy)y 9 ae as 10-7 6.8 
CreN ES oMnO “Sago licked, 6 x 10-91 20.44 
NEE SOaF Ys jn a dew o He: x 10-6 424 
HytRedg Ct 0 X 10"% 7:40 
ie GR iat he ae «x 10-4 3°9 
fF 8 ie 11.44 


Formula of subStance 


COM « . eek ke RES 
Cr(OH),(Cr°+, BOR) «ees 
(CrOH*+, 20H-) ....- 
i. ! Se ee ae ee 
(violet) 
~~ Tren . eee 
CsAucl (Cs+, AuClf) ....- 
CsBF,(Cs*, BFz;) ...- +: - 
CsBH\Cs", BE «x es em 
ot a a 
WAGs ~ it aa ew 
Sd | a ae ee ee 


chet Hed eal J 


Cu,0(2Cu+, OH-) |. - 
Cu2+, 20H~-) . 
, OH 2 


s ww a arm @& 6? OF 
on Se ewe te PS” 
~we 25 BEES Fe 
es se pe Se 
Cm aa ein ee * 


. . 
ee oe ae oe oe a oe 


109 


Table 10 (continued) 


SP 
4.0 x 10-17 
6.3 x 10-1 
6.3 x 10-3 
14.0 x 10-1? 
2.4 X 10-28 

4 x 10-5 
2x 10-5 
2.5 x 10-? 
2 x 10-2 
4 xX 10-2 
4 x 10-3 
5.8 x 107% 
2 x 10-3 
4.0 xX 10-* 
4.4 xX 10-5 
9.4 x 10-5 
3 x 10-8 

2.39 x 10-8 
4.0 x 10-4 
4.26 x 10-5 
3.6 x 10-8 
7.6 X 10-54 

5.25 x 10-° 
3.2 x 10-79 
2.5 X 10-19 

3 x 10-8 
4.2 x 10-8 
3.6 x 10-8 
1.8.x 40-™* 
4.4% 40-** 
7.4 xX 10-8 
5.0 x 10-9 

4 x 10-14 
2.2 x 10-79 
2.2 x 10-35 
1.7 x 40-3" 
8.3 x 10-18 
6.3 X 10-*° 
2.5 xX 10-48 
4.8 x 10-15 

4x 10-** 
2.4 x 10-8 

4 x 10-5 
5.8 x 10-73 


| pSP=—log SP 


et 
SBOP RNON 


co 
es CO SD 1 1 1 1 0 OOO Cr 1 oS Co C1 I DS DS DD IS OTIS oe 
SoM ROOM ROS 


ss es 
CWRDOPOUSRY ES HORS 
oo G&D OD 
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Table 10 (continued) 











Formula of Substance | SP pSP=—log SP 
| ae 3.47 X 10-11 10.46 
i 2x 40-7 6.7 
Fe,Fe(CN) J, ......... 3.0 x 10-4! 40.52 
Fe(OH),(Fe*+, 20H-) . .. . 4 x 10-15 15.0 
FeOH+, OH-) ...... 5 x 10-10 9.3 
Fe(OH),(Fe’+, 30H-) . . . . 3.2 & 10-38 37.50 
FeOH?+, 20H-) .... | 2x 10-26 25.70 
[Fe(OH)t, OH-] .. 4X 10-17 16.40 
oS Sr 1.30 x 10-22 21.89 
Boe nw wen ee ee ae. 5 x 10-18 17.3 
FeS,(Fe**, S-)........ 6.3 X 10-3! 30.2 
<< ee Tee 4X 10-28 26 
Fe(SeQ,), ....526-,.,., 2 x 10-31 30.7 
GalFe(CN),J,... °° °° °° 1.5 x 10-34 3382 
ie 5 Be ee hue eae 7.1 X 10-36 35.15 
GeO,(Get+, 40H-) .... 4 x 10-57 57.0 
SP ee 3 X 10-35 34.5 
T1f0(OH),(Hf02+, 20H-) 4X 10-26 25.4 
Ng.Br.(Hg3+, 2Br-) . . . . _ 5.8 & 10-23 22.24 
g.CO,(Hg?+, CO#8-) ... 8.9 x 10-17 16.05 
Hg.C.0,(Hg3t, C,07-). . . . 14 x 10-13 13 
goClo(Hg3+, 2Cl-) ..... 1.3 = 10-18 17.88 
Hg,CrO,(Hg3+, CrO3-) | |. 5.0 x 10-9 8.70 
Hg.I,(Hggt, 2I-) . 2...) 4.5 X 10-20 28 .35 
Hg,(105)o(Hg3+, 2107) . . . | | 2.45 x 10-14 13.71 
Hg,HPO,(Hg3+, HPO3-) . | | 4.0 X 10-13 12.40 
AgO(Hg*+, 20H-). . 2.) 3.0 x 10-26 25.52 
He20 Hee", 2): iy ne 1.6 X 10-23 22.8 
eae: Si k:2 We ao eee 8 1.6 « 10-52 51 8 
Hgs wmeehe Be ce wmeck 4.0 X 10-53 52.40 
HigoS(Hg3t, St-) 2 4 x 10-47 47.0 
Hig,(SCN).(Hg3+, 2SCN-) 3.0 x 10-20 19.52 
8250,(Hgit, Sn mae 4 x 10-27 27.0 
Hg,SO,(Hg3+, SO#-) | 1 6.8 x 10-7 6.17 


Ls 


* 
and HaSe) tubility Products of mercuric salts (with the exception of HgsS 
incorrect ideas a 


rai, (the product of whose concentrations gives the value 0 


Utar 
HeClo, ete, pag ES ry amount of non-dissociated molecules — Hg(CN)2: 


The degree of diss ‘3 
or- 
AX 6 Hee constants ven ta Table SB." mit® Muse be determined 90° 
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Table 10 (continued) 








| SP pSP=—log SP 
Formula of substance 
1x 10-59 59.0 
agen - 14.2 
a rt. - ga as 
Hg.Se0,(Hg3t, Se0;") * * * _ 1.10 x 10-27 16.96 
Hg.WO,(Hg3+, WO}-). . . i fe 10-4 37 
Ing Fe(GN), ‘ee 2. - B Se 10-8 2:5 
oe klele fe 10-% 28 
ana tke Ree ee #. 10-8 a8 
CS aa erry ce. 1.6 X 10-7 1.8 
IrO,(Ir*+, 40H a FRaE ES ee 10-48 af 
Ir,0,(2Ir3+, 30H ) , = & - { x 10-7 5 
IrS, See ee O Ralkntedeted 16x 10-8 8.5 
K;AIF,(3K+, AlF3 Pewee ba - 10-2 207 
KBF,(K*, BFg). 2. - + > > 1.3% 10- 2, 
KBH,(Kt, BHz » sy % Bj . - 2 95 x 10-8 7-65 
Kegel) aBIK *, (CoH5)s aes a4 se 10-2 1:91 
K CoN \[3K+, Co(NO,)3-] 4.3 x 10 
K,Co P 7 2 a 
K Neco 2K* Naty Ty 10-1 0.0 
Co(NO,}8-) teF2-) 2. we 3.0 X 10°s 4.5 
K,GeF,(2K*, GeF's) i 2 _ 9 <4 2.7, 
K,HfF,(2K*, His”) FO ee 6.8 x 10-8 4.17 
KyIrCly(2K*, IrCli-) . . ie 8.3 X 10" 3 
SERENE ch Cad oms'a) anoles a ae 9 
K PACH, 2K +: pdciz-) 5:0 x to 5 
KPdCla(2k*, PACE) - - - 8 x 10° 4.96 
eaP UCL (2K t; PeGi «st 1.4 x 10-% 4 54 
pap rcaie.; FU | 85 x 10-3 2.72 
ePtRe(2K*, Pte) + +: - ax 10-3 2:72 
pS ee 3°7 : 10-7 6.0 
K,SiF, .... Wiebe: 5 10-4 3:3 
KTiFg(2K*, Aes & een 5 3 10- 3:3 
i ia 
95) 2.5 x 10-2 26.60 
Lag(C.04)s one tase" 6.2 x 10-1 11.2 
MoO), 21st le 0 x 10-19 18.7 
= eee 20 x 10-13 12.70 
La(OH)y 2 ttt 2 x 10-1 2 
mild fi ics esa: 98 x 10-3 2.40 
Lay SO4)s Re 2 ee oe 3 - 2-40 
: Jboyabe 3.8 X 10 
fot ncciersss<Es 4x 10-2 1.4 
gt em beeen BG 8X 10° 14 
Sy A ae 3.2 X 10-0) 85. 
Li,PO, pr se ES 21 X 10-2 9:68 
MeHAsO«)s . Seu.» 13 a4 x 10% 4.6 
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=—log SP 
Formula of substance sP | ee 
-9 8.19 
ore 6 4 e SR we mw = ~ ie 9.5 
Mek a eee 5 3 40-9 8.3 
KFe( CN), ewe eS ew e« 4x 40-8 7.4 
Ma Fe(Gh, te ee -13 12.6 
i is hie us ont 2.5 X 10 ta 
Me gH), TePrrcetarte 6.0 x 10-10 ; 
resny -frecpftaied) -11 10.74 
2+ 1.8 x 10 
Mg(O Me OHe, 3208 7 apoio ch.. 23x 10-7 6.64 
(after ageing) J 43 
Meee Onde i thaws & Be : x ry 9.5 
Mg O3 SChRitiumuweue eo wu *® E & 0 x 40-5 4.89 
. eee me : 10-29 98.72 
PEMABO We «6G KK Kb ee 3 x 40-12 10.74 
> A Uk ee Whi we wth me a 40-6 5.3 
MnC 0, em eck Res Tw F x 40-13 42.10 
MnjFe(CN),. 222211! ! 7.9 x 10-12 
nNH,PO,. 1. > °° 077° ae {2.72 
Mn(OH),(Min**, 20H- ? . 10-9 | 8.82 
oR olay 4X 10-36 36 
ee “pli ttenferete 2.5 x 10-1 9.60 
‘rae etnias a ee 2.5 x 10-13 12.60 
(green) a 9 
Wy ww ee ew os 1.26 x 10-7 “nd 
Mo (OH), See ee SE en eo 4X 10" 9°80 
(Nt) anton AIF3-) 1.6 x 10-8 5.42 
ON if o(N )lBNHE, Co(NO,)E 7.6 X 10 . 4.5 
ow ee Cw en : x a 5.05 
Nut pect “. 2 2 2 eee x 10- ; 
: re Ppt bea 4A X 10-1 at 
Na BeF, Peewee awk as & % 7 x 10"* 9.5 
Na 0, ee ey ee aS 3 x 10°" 7.4 
NaSb(OH)(Na*, Sb(OH);] ®t ~ aA 3.56 
a,Si F, a a 2 : e 5.51 
i 3.1 X 40-28 moe 
$ N)., _-ihiew wwe Pe eS 3 x 10 6.87 
OO ikem ssheel 1.3 x 10-7 9 4 
MIG, ttt 4 x 10-10 ' 
Ss 


* The val 


Table 10 (continued) 


“solu 
ues of SPyrng are given according to A. ee 
tles of Sulfides» 


; Cation of then coloured: 
bustinskyy for the m 


113 


Table 10 (continued) 


Formula of substance | 


NiGION 6s wi He ED 4 x 10-4 
NisFe(CN)g os. ee 1,3 x 10-1 
MIO), «ew ce memes di ., * ie 
Nine ese Da oe died S 5.1 x 10-4 
Ni(O eral 7 ox eo i hh 20 x 10-15 
reshly-precipitated) . 

i(OH). ™ oe Sm me es 6.3 X 10-38 
(after ageing) 17 x i 
ae ea oe 3°9 +: 10-19 
MG stad te Ev em ee 2X 0 
| eer rt TL ie ite 
SS a 2.0 x 10°% 
as nae res 6-8 
Np0,(OH),(NpO3*, 20H) a3 S fause 
bs(AsO, Sec ieee Re ee 94 + 10-8 
bBr, as ek a mn ae a ee es 799 x 10-¢ 
PRB 5 ve 8 HD 7.99 x 1 
* ia eo 2x 
PROG, sc ki es RES ee 
Sa a £8 se 
POOP wk ew aE edd 
PbCrO, >oaes oe § Fe om GS 27 ?. 10-8 
Bf ae Te 0% es 
Ph, e(CN), < mame we eh 44 x 40-9 
ie tee caee es & OE Ad oe 0-18 
PRIA, oa EY ee 
PbMoO, - oi ww ee ee 26 X 40-9 
PhUNely s cc seen tt 26 x tO 
Pb(OH),(Pb2*, 20H-)- +--+ | 3'7 S< 40-18 
(PhOHt, OH-) 2. - + ea a 
PROMBF os ek fe FE a agi 
PhOHC] ....2ee* 2? Maer 
PbO,(Pb4+, 40H-) - +--+ °° ° 53 < 10-5 
ppa042Pb**, Phos) +--+ | 2°95 40-48 
b5(P ayo oem oe we 75 x 40-80 
PROG: 6 x~ 8 8 Ss 
cee Sa 9 8S spon 
le RY ee 
PRISON), s «on ke ee" "a x 40-* 
PbSO, re ee ene 
PbS, 0, . oe 2 ek ig ee oe a OR 4 x 40-88 
bSe encanto "* 3x 40-12 
Pbseo? ee eee ef] ea 
Bes: cue eno i'5 x 10- 
PEWG, few 


| pSP=—log SP 


14.89 
7.85 
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fable 10 (continued) 





Formula of Substance 
Pb(OH), ..... 
Oe Sek cm wn mea 6.5 x 10-7! 70.2 
Po(SQ4p ... 2... 5 xX 10-29 28.3 
a ess memene i... 2.6 X 10-7 6.58 
Oe oo 3 MM 40-41 40.5 
7 ere. 8.0 x 10-2 | 28.1 
PtO,(Pt'+, 40H-) 2 oT 1 « 10-35 “ 
Tne: ie dim we 1.6 x 10-72 71.8 
Pullits & ke ae wm es we 8 x 10-73 72. 
Pu(OH), .. 2... 25005 2x 10-2 19.7 
Pu0,0H (Pus, ees bee 1x 10-52 5) 
oe ae coe ' "| geiie 3 
Sareea ; 2X 10-27! 5 
malton lito ttt 5x 40-8 | 12/3 
a 8.8 X 10-10 906 
= Seal dal ells 6.2 « 10-3 9 24 
bla lasell allel. 4.3 10-11 an 
Moa. trees 1 x 10-3 10.37 
fyean (TC CEES sea 2.5 x 10-4 3.0 
RBCIO Ge en 2x 10-2 7 
o(NO,)f3Rb+, Col ese | 2.5 - : 
nbcoNosusie, coiwoaney | sags We | 
RbMnOQ, ...... 5/050" 5.5 X 10-4 OB 
nbsPichenis, bom} 2 2:9 X 10-3 254 
I p weeRh*, PtF2-) . 4 = xX 10-48 ay 
os 33 < 10-7 we 
hue SOY ct eee 9.6 x o=4 B.S 
Rb, TiF, eee ee se 5 x 10-7 3.02 
Rh,0,(Rh3+, 30H-) 15°! 5.5 x 10-5 ret 
saa nu+ 1: 2 id 2X 10-48 i 7 
20,(Sb3+, 30H-) . |)! 1 x 10-36 36° 
, (SbO*, OH). 2 t: 4X 10-42 41.4 
"lel All daaaial, 7.9 X 10-18 +s 
Sew i ‘hed. 1.6 x 10-93 a 
Soe ee mw et 1 x 10-27 7 
Sn(OH),(Sn**, 20H-). 210! 1.0 x 10-4 4.0 
sun.” te tit) Bone 26.20 
Ra “2 14.34 
Te te ae “s\ ry rj 
Sito ohne nen eee 1 xX 10-25 35.0 
ee 1.3 x 10-18 17.79 
arco, | te eee 1.1 x 10-10 9.96 
ng a an 5.6 x 10-8 7.25 
Bioj, TT th eet la 3.6 x 10-5 4.44 
: nweeen el **)] Case 8.61 
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Table 10 (continued) 


| pSP=—log SP 





. ° ° 
i= assw !S 6elhlUm® 


Formula of Substance SP 
cS a 2 xX 10-7 6.7 
SO )s «6 ke eH ee 3.2 X 10-4 3.50 
rn 4X 10-31 34 
iar a 3 X 10-3 2.5 
ole fue nse wmse ns 4 X 10-8 7.4 
MGs sxe tka RB OS 3.2 X 10-? 6.49 
Pl. pamunue wm ES 8.5 xX 10-7 6.07 
SrSiF, .. 1... eee ee 1.5 X 10-2 {82 
OO aS eee ae 2.2 x 10-10 9.77 
THOM, «cc. eH EY 3.0 X 10-54 53.52 
THON gp ct em 2.0 X 10-8 4.70 
Th(IO,),,. 2. 1 tee 2.5 X 10-18 14.6 
iC) i ————aa 3.2 X 10-4 44.5 
TAP OD), sw cc wwe ta 2.57 X 10-79 78.59 

h(SO, Toe. eee Ce : x fas fe 
Ti »(TiO2+, 2 - ; * ab: 
TIS (TiO — = " "| 1 3.89 x 10-8 5.41 
Ws ww tm ee we & 3.89 X 10-4 3.41 
oc: i rr 4 Xx 10-3 2.4 
Oe an tae’ Re 1.7 X 10-4 3.76 
Rte. ic ets dm ogame" 4 x 10-2 of 
Teen Oadel3TI*, COND 1 a {2.04 
ee we ee ee . {0-10 9°3 
THFe(CN)e cams Hl ce ® 7°49 
7 al 3.1 x 10-8 5.54 
 _—_———— 6.3 X 10-4 45.20 
iw. ......0tt?* 6.7 X 10-8 7.18 
TL. ee eS 4 X 10-22 11.4 
ee ee 8 1.2 X 10-8 4.92 
T1.S SHERRIE EYES 5 x 10-2! 920.30 
pela lan 1.7 x 10-4 3.77 
Tag. eae 6.3 X 10-4 3.2 
Tl SO” edt ee x 10-8 2.4 , 
ee ee 2.0 x 10-7 6-70 
1V6, ° os 6 % ws Tee 5 x ax é 
TOV, cy ewes os an 3 4 
x 
x 
xX 


ie ; 
aHAsO,(UO3t+, HAsOj-) 
eH PO,(U03+. HPO{-) 
U0,(I0, 2 
ort Aso. 
2 -e pamee i BME 
UO,NH,AsO, om «2 ae Bw 





— ee Re ee ee Re 
a 
' 
_ — 
~~ = & 
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Table 10 (continued) 





Formula of substance | SP pSP=-—log SP 
EE Ts inal 
WOLNELPO, ci viens ee. 4.4 X 10-27 26 .36 
UO,NaAsO, ....- + +s: L.3.% 4975" 21.87 
U(OH)s Sev sue mes wwe 1x 10-* 19.0 
Mee sti a meng ees 1X. igs 45.0 
UO.(OH)_(U03* , 20H-) 1 x 10-22 22.0 
VORORI. «see ee mm © 7,4 X 10-4 22.13 
V205(VOF, OR} os a ww & 2 1.6 x 10-*° 14.8 
(VO\MPO Ws 6 eG Hess 8 x 10-25 24.1 
WIGtE ce men § 3 MENS 1. & 190-8 50.0 
Do ree 6.3 % i0-** 24.2 
Zn(A8Og)n 2 se te wee 1 OF % 10%? 26.97 
TRIGN ss se wee eee Oe 2.6% 10°" 12.59 
POG «nee CER REE ES 4.45 < 10-** 10.84 
ls 1.6 x 40" 8.8 
ZngFe(CN)y . ss es ws 4.1 x 10-19 15.39 
ZnHg(SCN),q[Zn2*, Hg(SCN)37] 2.2 x 10-7 6.66 
Cee os wee ee 8 A Oe 2.0 x 10-8 7.7 
Zn(OH),(Zn2*, 20H-) ... . 7.4 X 10-18 47.45 
(ZnOH+, OH-) ...... 1.8 x 10-13 12.75 
POMPOse we HE Sw o.4, & 200m 32.04 
? _aaSers cee 1.6 x 10-%4 23 .80 
(Sphalerite) 
| 2.5 x 10°" 21.60 
(vurcite) 
SO Oo ee eee ee eee 1 10° 3h 
Ato ne on a 2.57 X 10-7 6.59 
ROS le a me hE SS 2 % 40-"* 23.7 
Zx(OH),(Zt**, 40OH-) ..... 1.4 x 10-5 53.96 
ae , 20H-] 3.2 x 10-26 25 .50 
Rie Galks § i HEE wR i x 40-132 132 
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Table 12 


Activity Coefficients of Various Ions at High Values 
of the Ionic Strength of a Solution 


(Approximate Values) 


The table has been compiled by L. Meites* according to the Davis 
formula: 


] 5 
= 0B fi _ 0.511 Vie _ oy 
i 1+1.5Vp 
where 1 is the ionic strength of a solution, f; is the activity coefficient 


of an ion, Z; is an ion charge (from 1 to 6). A mean value of ion radii 
was taken as an effective ion radius. 












f; at Z; equal to 
_-_ 

Ie z CO ——— 

2 


1 4 | 5 | 6 
[i “a ma, co ee ee 











ul 
Oo 
=] 
~] 
Co 


0.0 >» | 0.84} 0.50] 0.21 | 0.062 | 0.013. | 0.0019 
0.4 0.090 | 0.81 | 0.44] 0.16 0.037 | 0.0058 | 0.00060 
0.2 0.097 | 0.80] 0.41 | 0144 0.028 | 0.0038 | 0.00033 
0.3 0.094 | 0.81] 0.42 | 0144 0.032 | 0.0046 | 0.00043 
0.4 | 0.086 | 0.82] 9/45 0.17} 0.042 | 0.0072 | 0.00082 
0.5 0.075 | 0.84] 0.50] 0/24 0.062 | 0.013 | 0.0020 
0.6 0.063 | 0.87] 0.56 | 0.97 0.098 | 0.027 | 0.0054 
0.7 | 0.050 | 0.89 | 0/63 0.36 | 0.16 0.058 | 0.016 
0.8 0.035 | 0.92 | 0.72 | 0/48 0.27 0.13 0.054 
0.9 0.020 | 0.96 | 0.83 0.66 | 0.48 0.31 0.19 
1.0 0.0044 | 0.99 | 0.96 | 0194 0.85 0.78 0.69 





© 
L, Meites, Handbook of Analytical Chemistry, 


London, 1963, 
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Table 13 


Calibration of Glassware 


Correction A is equal to the difference between 1000 g (mass of 
one litre of water in a vacuum at 4°C) and the mass of one litre of 
Water in a vacuum at a temperature indicated in the first column. 

Correction B for weighing in air with the aid of brass weights uae 
density of brass is 8.4 g/cm®) is calculated with an allowance that 

arometric pressure differs little from the standard one (760 mm [g) 
and that the relative humidity of air is about 50%. Since with a change 
in barometric pressure by 10 mm Hg the value of B changes on average 
by 14 mg, it is necessary, if pressure deviates greatly from 760 mm, 
to use a more accurate value B’ = B 4- (P — 760) 1.4 mg, where P is 
the barometric pressure. 

} mpression) of a vessel depend- 


Correction C for the expansion (or co 
e is above or below the standard one 


ing on whether the temperatur 
a °C) is calculated according to the mean expansion coefficient of 
Blass, equal to 25 X 10°. = 

The last column gives the mass of water in air at experiment 
temperature occupying at 20°C a volume of one litre. When calibrating 
vessels with a smaller capacity, 
Of this mass. 


one should take the corresponding part 








Tem- Mass of “ r- Cor- 1000 — 
Cor co rec- aes —(A+-B-4-C), 
g 





pera- 1000 ml of rec- rec- 

ture, | water ina tion tion tion 

*C vacuum, g A, £ B, & C,g 
(d- 1000) ; 






0 0.28 | 4.57 998 .43 
Ce 10133 1.61 998 39 
109 | +0.23 | 1.69 998.34 
i109 | +0.20 | 14.77 998 , 23 
108 | +0.18 | 1.86 998.14 
4:08 | +0.15 | 1.96 998 .04 
1:07 | +0.13 | 2.07 997 .93 
‘a2: | 4.07 | +0.10 | 2.20 997 .80 
4107 | +0.08 | 2.35 997 .65 
1.06 | +0.05 2.49 997 .51 
1.06 | +0.03 2.66 997 .34 
1.05 0.00 | 2.82 997 18 
1.05 | —0.03 | 3.00 997 .00 
1.05 | —0.05 | 3.20 996 .80 
1.04 | —0.08 | 3.39 996 .64 
1.04 | —0.10 | 3.61 996.39 
1:03 | —0.13 3.82 996.18 
996 82 1.03 | —0.15 4.06 995.94 
on ———— 
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Table 13 (continued) 






cone 

i ml o 1000 — 
water ina A+B+C, | _ (A+B+C), 
vacuum, g g 

(d- 1000) 


996 .55 


996 .27 
995 .98 
995 .68 
995 .37 
995 .06 
994.73 
994.40 
994 .06 


WOn~ITID 
NMmeown 


nN cop 


3. 
3 

4 

4, 
4, 
4, 
3. 
°. 
3. 


or Re ee ee 
meooccoocooo 
Oo or KK MWD 
C2 O? CT OT OT OT LDS aS 
SNwmomrwowcutw 
CIS UI OK tO 


cm 
mh Os) es CO 


995 .70 
995 .45 
995.19 
994 .92 
994 .64 
994.35 
994 .06 
993.75 
993.45 
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Table 14 


Calculation of the Results of Volumetric-Analytical 
Determinations* 

One millilitre of a titrating solution titrates N,E£, mg of a sub- 
stance being determined (V, is the normality of the titrating solu- 
tion**, £.. is the equivalent weight of the substance being determined 
that is given in the table). If g is the weighed portion of the material 
being analysed in mg and V is the amount of the titrating solution 
a in titration, then the percentage of substance z being determin- 
ed is: 

a VN oF x-100 
= - 
A. Acid-Base Titrations (Acidimetry and Alkalimetry) 

Substances used for titration and the concentrations of their normal 
solutions: 


(a) Acids 
formula fe oo Bs Hcl II,SO, IINO, H,C,0,+2H,O 
-Oncentration of 1NV 

solutions (g/l) . . 36.461 49.039 63.0129 63.0333 
(b) Alkalies 
Formula ...... NaOH KOH  Ba(OH),-8H,0 
Concentrati f 1N solu- 

tions g/l) peeping agree 39.9972 56.109 157.74 


Equivalent 
weight, E log E 


8.99383 | 95 394 


10.811 03 387 
85 .675 93 285 
157.74 19 794 
22.0050 34 252 
30.0047 47 719 
59.0450 77 118 


* M—molecular weight. 





a ne 
le, see p. 462. 
os Ththe canon fe E etc., given here and in the following tables, 
Symb s a subscript, applies to the titrating Solutions, and symbol 
- applies othe ‘titrates of a substance being determined, 
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Table 14 (continued) 


VE 











; ; alent rR 
Substance being determined ae oleht. E lox E 
a TT Dineen Ce 
Ss 1/2 50.045 69 936 
CTs gg ow HR oe me ot 1/2 81.057 90 879 
Oe 2 kG ne ce wt @ ed ec 1/2 28 .040 44 778 
Ca(OH)y we ew. 1/2 37 .047 56 875 
H3;BO, (with phenolphthalein in 
the presence of mannitol or gly- ‘ 
OMEN ce i Kam 6 ek wwe ee 1 61.833 79 122 
eae 218: Wick i i wee © on we oe 1 80.912 90 801 
eG gd mm Gee a ee 8 { 46.0259 | 66 300 
(formic acid) P 
ie 5 tie es we me ex 1 60.0530 | 77 853 
(acetic) = 18 
Cs « «we he ee ew x 1/2 59.045 i7 1 
(succinic) 39 
Ca 140, ae es om aw we ee ee 1/2 75.0445 | 87 532 
tartaric) ae 
8 A eee 4/3 64.0420 | 80 646 
(citric) 4 539 
H3C,H;0;-H,O ......0.~,~. «| 1/3 70.0473 | 845 
tee ee bw hm oh a ns { 122.125 08 68 
(benzoic) 39 
ne, & oi Gkaphe of oe eS Gc 1/2 45.0179 | 653 
(oxalic) = 957 
H.C,0,-2H,O 2... 1/2 63.0333 | 7999 
MES iM m ewe eeu 1 36.464 56 183 
Ns is si See ow Occ ay a 1 100.459 00 199 
Oe ee Seeeinuewe ne 1 920.0064 | 30117 
ee eee 1 127.9124 10 ae 
DN hire Or a dS i We aoc: oe co { 175.9106 | 24 ee 
ek ee 1 63.0129 | 7994 
HPO, (with methyl orange, or 


Pe Hr eoreie: { 97.9953 | 99 124 
H3P0, (with thymolphthalein, or 


....| 4/2 | 48.9977 | 69018 
HsP0, (with Phenolphthalein in 


8 
ine 1/3 | 32.6651 | 5140 
EO (titration of = eal 8 
lybdate precipitate)... | 1/23 4.2607 62 aa 
SPR ee. 1/2 | 49.039 | 69.05 
K,CO, (with thymol blue or phe- 
wolphthalein Tree 1 | 438.213 | 14055 
: wit “a a . 
baatics Oren ene yellow, or 


8e, or bromophenol 2 
KH co; i “romocresol blue) . . 1/2 69.107 83 99- 


tama wm € & i 1 100.119 







Substance being determined 


KHC,H4O, - 

(hydrotartrate) 

KHC H, 4 

"(hydrophthalate) 

ae? 
H 


Li,CO, (with methyl yellow, or 
methyl orange, or bromophenol 
blue, or bromocresol blue) . - . 


OS ee a 
N (according to Kjeldahl) .- - - 
6.25 N (“albumen”) .- ++: °° 
6.37 N (“casein”) .. + +e 00° 
5.55 N (“gelatin") .-- +--+ ° 


«es. eaka Pmests 8 3* 


(NHj80, oe es eres 
Na [titration with alkali and phe- 
nolphthalein of precipitate » 


Na,CO ches thymol blue or phe- 
nolpht nalein) «6 & * hee 8 
Na,CO, (with methyl yellow, oF 
methyl orange, OT bromophenol 
blue, or bromocresol blue). - 


B. Oxidation-Reduction M 
Todometry, Bromatometry; 


Substances used for titration 
Solutions: 


(a) Oxidizing Agents 


Formula, , ,, , KMnOy G0(Nta) 


centration of 1N 
Solution (g/l) . . 31.6075 
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Table 14 (continued) 


E 
| z | sautvatent | jog 
1 | 188.183 | 27458 
1 | 204.229 | 31012 
l 389 .915 59 097 
| 54.109 74 903 
{ 73.887 86 857 
1/2 36 .944 56 754 
4/2 42.157 62 487 
1/2 20.152 30 432 
1 44.0067 14 634 
— 87.5419 94 222 
_— 89 .2227 95 048 
maid 77.7372 89 063 
4 47.0306 93 123 
{ 48.0386 25 620 
4 53.492 72 829 
{/2 66.070 82 000 
1/10 2.29898 | 36 154 
4/2 490.69 28 033 
1 405.9890 02 526 
4/2 52.9945 72 423 
4/2 143.071 15 555 
1 84.0071 92 432 
1 39 .9972 60 203 
4/23 1.3467 12 927 
1/23 4.1292 61 587 


632.55 


ethods (Manganalometry, Chromatometry, 


Ceriometry, ete.) 
and the concentrations of their normal 


(SO4)q°2Hy0 Co(SO4),-4H20 


404.30 
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Yable 14 (continued) 











Formula ee & & & I, K BrO, K,Cr,0, 
tration of 1N 
igi rete (g/l) . . 126.9044 27.835 49 .032 
Formula ..... KIO, Ca(ClO), NH,VO, 
Concentration of 1V 
solution (g/l) .. 35.6674 35.745 116.979 
(b) Reducing Agents i 
Formula . . . . NagS:05-5H,0 Fe(NH,)o($0,4),-GH,O FeS0,4-7H, 
mapgenteation of 
solution - 
(g/l) ..... 248.18 392.14 278.02 
Formula ® »e ° e C,H,0, Hg.(NOs;),-2H,O 
(aScorbic 
acid) 
Concentration of 
1N solution 
WH) acy cs 88 .064 280.64 
ge ie 
Substance being determined — polis log E 
Al (after precipitation with hydro- 
Xyquinoline) ....,.,) 1/12 2.24846 | 35 ie 
a a lt Tt i eee 1/2 37 .46080 | 57 30 
a (after precipitation in the form 
Bf BaCr0,) ee ee ees a 1/3 | 45.780 | 66068 
i (after precipitation with hydro- 092 
Xyquinoline) ... «.| 4/12] 17.4450 | 24 
fF ..., seem aan { 79.904 | 90257 
BrO= 


2 
See ee ee 1/6 21.3170 2 tk 
son (according to Koppeshaar) | 1/6 15.6857 | 1 
no 


; Schulek SST eres: 1/2 13.00895 | 11 424 
a (alter precipitation in the form 
a... 1/2 | 20,040 | 30190 
Cd (after precipitation with hydro- 768 

xyquinoliney . 2... 1/8 14.050 14 

© (after precipitation with hydro- 733 

OND) i 1/12 11.677 06 65 

L(activey © 10 { 35.453 | 54969 

Shwe sayan ee 1/2 | 35.453 | 54960 
Be RO eh wy ‘i 35 796 44 +t 
105 ose tee | ae 13.9035 | 143! 

er precipitation in 
of K,Co(NO,),} em: , _ “~~ 5.3576 72.607 


ees! Si 
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Table 14 (continued) 

















Substance being determined = ae log E 
Co (after precipitation with hydro- 

xyquinoline). ... 86 «sess 1/8 7.3667 86 727 
Cr (Or OF" ae 20r"*) 2 cc ee 1/3 17.3320 | 23 885 
jt ill a 1/3 38 .6647 58 731 
we 6 BRE RMR HS 1/6 35.9980 | 55 628 
Cu (iodometrically) ....... 1 63.546 80 309 
Cu (titration of precipitate CuSCN 

with permanganate) ..... .- 1/6 10.5910 | 02 494 
Cu (after precipitation with hydro- 

Xyquinoline). . «©. «se s«-. 1/8 7.9433 90 000 
Fe (Fe3+ + Fet) .....-5- 1 55.847. | 74700 
Fe (after precipitation with hydro- 

xyquinoline) ....+++.:-> 1/12 4.6539 | 66 782 
Fe(CN),[Fe(CN)3- — Fe(CN)é-] 1 211.954 32 624 
Fe(NH,).(SO;).-6H,O ..---- i 392.14 59 344 
POS bw ps OBR 1 71.846 85 640 
Pith omnes a ket eb 8 we 1/2 79.846 90 225 
PO sap ke ome FER 1 151.91 18 159 
FeSO,-7H.O «sae 4 0 oe I 278.02 44 408 
Ga (alter precipitation with hydro- ; - 

xyquinoline). .... +++: 1/12 5.810 76 418 

CN (iodometrically and according _ 

to Schulek) ....-e.-ee38* 1/2 13.5129 13 075 
A) i ee a 1/2 45.0180 | 65 339 
10.0, -211,0 1/2 | 63.0333 | 79957 
ee oed.: Pa eee 1 | 127.9124 | 10691 
ee ee 1/2 23.5068 | 37 119 
ers 2 ee 1/2 17.0074 | 23 064 
ae (odemeteieally) da” oe dale 1/2 17.040 23 147 

eS (bromatometrically and man- 

ganatometrically) ..-.+:+:° 1/8 4.2600 | 62941 
frete (manganatometrically) “ 1/6 9.8483 | 99 336 
ISCN (iodometrically according ‘o 

I “i 1/8 7.3863 | 86 843 
+ — tt bs eg ue at aan 4 320 
H ium chromate 6 1 445 

Se ee ar eh )) “| 4969044 | 10 348 
I- (after oxidation to iodine with 

as nielte gus pat tg 1 126.9044 10 348 
I- (a xidation to IO; with 

Aerie: : ea ee ee 1/6 21.1507 32 533 

Sey es ow oo ee ES he 1/6 29.1504 46 464 
In ipitation with hydro- 

(after precipita 1/12 9.5682 on 088 


xyquinoline). .-+-+****"* 


re nS 
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Table 14 (continued) 











Substance being determined a wake log E 

a ee ee 1/6 27 .834 44 458 
KClO: he ad a5. On 28 1/6 | 20.426 | 31018 
0 a 1/3 64.733 81 113 
a co: Me a 1/6 49 .032 69 048 
Oy re 1 329 .26 51 754 
Ss { 368 .36 56 627 
K,Fe(CN),-3H,O......2... 1 422.41 62 573 
etlieee bk 4 KEE hme 1/12 32.4929 51 179 
Dek 4 hi base < ce mm ke 1/6 35.6674 55 227 
ES 604 (Sw) ok ok Re ie Re 1/5 31.6075 49 979 
a a eee 1/2 42.554 62 894 
Mg (after precipitation with hydro- 

Sate TTL eee 1/8 3.0381 48 260 
Mn (by the bismuthate method). .| 4/5 10.9876 04 090 
Mn (by eee 5 metho . . | 3/40 16.4814 24 699 
Mn (by Ford-William’s or Hampe’s 

oh 4 ae eee r . 1/2 27 .4690 43 884 
Mn (after precipitation with hydro- 

eben ore Tree 1/8 6.5782 81 811 
MnO, (treatment with FeSO,- 

as 1/2 43.4685 63 817 
Mo (iodometrically) ......., 4 95.94 98 200 
gia reduction with <p . 1/3 31.980 50 488 

O (alter precipitation with hydro- 

xyquinoline) . cho eae hee 1/8 11.993 07 893 

OE se fk Re mo 1/2 | 16.5131 | 24 783 

ESE eo ay a Be ee 1/2 23.0028 | 36178 
a on a of precipitate 

aZn(UQOg,)3-(C,H30.),-6H.O, re- 

duction With stee its titration] | 1/6 3.8316 | 58338 

Se aes, 1/2 | 67.000 | 82607 
MMe siue ene! 1/2 | 37.221 | 57079 
ek ne es i ns oe 1/2 34.4977 53 779 
NaS (S%-—S% ......0., 1/2 39 .022 59 134 

ny 5 a wl wo) om oe kc a 1/2 63.021 79 949 
ON nw me 6 4 Sk we mse 1 158.411 19 896 
Na,S,03-5H,0 .....,.,..° 1 | 248.48 39 477 

ee a i em bee 1/2 | 46.453 | 66 704 
Nb (empirically) .... 1)! — | 49.9 69 810 
Ni (after precipitation with hydro- P 

xyquinoline) ..... 1/8 7.339 | 8656 

O (Yactivated oxygen”) . . | | | 1/2 7.9997 | 90 ets 
eee 9 6 5 ae eG te «x 1/2 23.9991 | 38 01 


precipitate wit 


ermanganate 
after reduction wit y 


zinc). . . | 4/36 0.8638 | 93 469 
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Table 14 (continued) 





e 
M 


Equivalent 
weight, E 














Substance being determined log E 























Pb (after precipitation of PbC,O;) 1/2 103.595 01 534 
Ph (after precipitation of PbCrO,) | 1/3 69.063 83 925 
Pb (after precipitation with hydro- 


xyquinoline) ..... ++: 1/8 25.899 41 328 
S (88 — 8) wwe te EM 1/2 16.032 20 499 
S (S%-—+ SOR) «wk te wes 1/8 4.908 60 293 
SCN- (manganatometrically)  ..{| 1/6 9.6803 98 589 
SCN- penene according to ” onan st eth 
Ohiga) «sg ww « .2603 | 
Pa gayi aoe ; oe. 1/2 32.022 50 558 
SS caw PPS 1/2 | 40.031 | 60240 


BOR «£6 4 ewe ee 6 
SO} (through barium chromate) 1/3 32.024 50 543 


“4 - S08) .. + | 112.43 04 972 
we 1. Se /s | 14.016 | 14662 
ot, ishir—> Shs) wm ee 1/2 60.875 78 444 

‘nitation Wi dro- 
Sb (after dae — + | 4/421 10.146 00 629 
Sa antes ante), Oe ee als 1/2 59.345 77 338 
Th (after precipitation with hydro- 1/16 {4.502 16 143 
rm xXyquinoline) . - + +e 00% i 47.90 63 34 
fo owes eee a =e ee ars. 
Ti (after precipitation with hydro- 1/3 5.988 77 728 
of uot) seer et TT 472 | 119.015 | 07 560 
“—> 3 ss eo: : 
U (after precipitation with hydro- V12| 19.836 29 745 
V ner uinoline) . ss srt 1 50.942 70 708 

Oat» VOR) 5 wes & tee 
V (after precipitation with hydro 1/3 6.368 80 400 
_ Xyquinoline) .-. + -., 4a" 
én (after precipitation with hydro- | 478 8.174 91 228 


_ Xyquinoline) ..- + *.5 4 "4',° 
ZY (after precipitation with hydro 1/16 5.701 75 595 
Xyquinoline) ..--** "7" "°° 





nd Complexing* | 
n and the concentrations of their nor- 


C. Methods of Precipitation a 
Substances used for titratio 


a ka, «| > SON 

Voncentration of 1N 169.873 (71.34 97,184 58.443 
Bieuig “ " ; ; NI,SCN Hg, (NOs)2°2H20 K,CrO, 
Oncentration of 1NV 980.64 97.099 


solution (g/l) . . 76.120 
eta 
* For methods of titration wit 
9—1845 


h complexone III, see section D, p. 130, 
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V'able 14 (continued) 

















Substance being determined = eek log E 
OS ee ee ee ee eee ee 4 107 .868 03 289 
0 ees se ee 1 169.873 23 012 
Ba (direct titration of K,CrO,) . 1/2 68 .670 83 677 
ma 3b Ke Ree we 1 79.904 90 257 
CN~- (according to Mohr, Volhard, 7 

EN eins ot ne Oe hw A 1 26.0179 41 527 
CN~ (according to Liebig, Denigés) 2 52.0357 71 630 
a" cee REREAD E RB { 35.453 54 965 
F~ (after precipitation in the form 

a PbCIF) cogepsyelipgirarsarayt 1 18.9984 27 872 
[eee eee 1 80.912 90 801 
HCN (according to Mohr, Volhard, 

i) 1 27 .0258 43 178 
HCN (nacondtigg to Liebig, Denigés) 2 54.0516 73 281 
SG ea ae we a A Oa Sk ee OR ee 1 36.461 56 183 
| rr a ee ee 1 127.9124 10 691 
HSCN (according to Volhard) . 4 59.090 77 151 
Hg (with rhodanide) ....... 1/2 100.295 00 128 

eR RE RRR GK ee ew 1 126.9044 | 10348 
KBr et ee eee ee 1 119.006 O07 557 
KCN (according to Mohr, Volhard, a 

PO ka on we ke 4 65.120 81 37! 
KCN (recording to Liebig, Denigés) | 2 130,240 11 474 
Pee Kee ee EMR RGR wk em 1 74.555 87 248 
ek ee LE ie eS we we ke 1 166.006 22 O12 
 & sa on i we oe es te 1 53.492 72 829 
eee 1 102.894 01 239 
Pee see eka E Ke mG eo 1 58.443 76 673 
SRT eee eee 1 149.8942 17 578 
SCN- “(according to Volhard) . 1 58 .082 76 404 


D. Methods of Titration with —— ILI 


(with sodium ethylenediaminetetraacetate, EDTA, trilon B) 


Substances used for titration and the concentrations of their nor- 
mal (molar) solutions: 


Formula... ., Nag CoH ,,0gNg  NaglH ,CyoI1;.0gN2-21120 


(1 iy < se 
| 336.211 372 .242 
















SubStance being determined 7 = Fane Ee log E 
Ag [after adding K,Ni(CN),] . D) 915.736 33 392 
TER ae eee 1 26.9815 | 43 106_ 


1 





—— 





Substance being determined 


As (in the form of MgNII,yAsO,) . . 
hell (in the form of MgNH,: AsO,) 


> wm its a2 23 ewe et OecetlhlUhrlmUUCUC OO 


Br dt AgBr) 
al — adding Ni** salt) . 


e¥ © wa >» ft ww «© wars h6uH.lUC LUC rHhCUCUhDh. 
i os *» & CK ft 2 US SS FSF Kk & FS * 
ce 8 «2 ee ss ss 8s & & & FSB C&C FF 
eu hlU6wcSlUCKlhlUC Cc CU 
. @ mw *ea oo © 9 8 wea x Ff FF RB & 
ss #2 Ww Yt a! Ff «©§ ew hee hULrerlU elhlCt ThUCUlUCUD 


F (after adding Ca** salt) C5dl de 3 
: _ emia PDbCIF) 


T&T: as EE @ Ss. 
. . 
» ££ wiwemme esa ss Fm & FB 


. . 
> ww 3s © ww wo & &£& tse we oS hULFLCUD 


. 
a oe a” a fo. oe Co fe! Pe ee 


Mo (in the form of CaMoQ,) 

Na [in the form of 
NaZn(UQ,)- -(CoHgOg)o 61,0] 

P (in the form of MgNH, PO,) . 

x (in the form of MeNH, PO ) 

Ph 


Sn(l1) 


. . . 
sa it we a 
e & & & ® 


. 
es bre ee wm & we US 
. . . 


i onary ties 


- “am -— © = ee kk ES OS S 
. 


7 
pee pe ee ee ND ee ee ee ee ee De ee ee pe ll etiam Slee eth Sil eC ee ee ne =| 
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Table 14 (continued) 


Equivalent 
weight, E 


74.9216 
138.9192 
137.34 
208 .980 
159.808 
104.0714 
40.08 
112.40 
140.12 
70.906 
08 .9332 
51.996 
63.546 
37 .9968 
18.9984 
99.847 


22.9898 
08.71 
30.9738 
94.9714 
207.19 
106.4 
195.09 
32.064 
116.16 
96.062 
118.69 
87.62 
232 .038 
47 .90 
204.37 
476 .06 
90,942 
183.85 
65.37 
91.22 





log E 


87 461 
14 276 
13 780 
32 010 
20 360 
01 733 
60 293 
05 077 
14 650 
85 068 
77 036 
71 597 
80 309 
57 974 
27 872 
74 700 
84 336 
30 231 
40 451 
06 002 
28 375 
89 323 
14 273 
38 570 
73 987 
98 200 


36 154 
76 871 
49 099 
97 759 
31 637 
02 694 
29 024 
90 602 
06 506 
98 255 
O7 441 
94 260 
36 556 
68 034 
31 042 
67 766 
70 708 
26 446 
81 538 
96 009 





O* 
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Table 16 


Caiculation of the Results of Gas 
and Gasometric Analyses* 


If an analysis of a substance is reduced to the preparation of a cer- 
tain gas whose volume is measured, then, for further estimates, this 
volume must be brought to standard conditions, i.e., to a temperature 
of 0°C and a pressure of 760 mm Hg. 

Hore, three cases are possible: 


1. Gas collected dry over mercury 


In this case the gas volume under standard conditions (Vo) 1s 
found by the approximate but sufficiently accurate formula: 


Po i. 
Yo=" GFanTe~ 
where V = measured gas volume; 


é= gas temperature; 
a = 0.003670; 


P, = barometer reading brought to 0°C. 
Po 
ala + at) 760 
Value Py is found by the formula: 


Po= (P.—Z | mm Hg 


where P, = barometer reading; 
¢ = temperature of mercury in the barometer (the temperature 
of the air around the barometer is measured). 
log Vo = log V + log F 
The values of log F for various values of ¢ and P, are given In 
Table 16,A. 


2. Gas collected over water 


_ In this case a correction for mercury temperature must be made 
in the barometer reading and 


water vapour pressure at temperature t 
must be deducted: 


Py=Py—— t'—Pyp 


ater vapour pressure at the corresponding tempera- 
water; it is given in section B of this table. 


where P, is the w 
ure of gas over 


Le 


* For the use of the table, see p. 468, 
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Table 16 (continued) 


3. Gas collected over KOH solution or over 

a saturated NaCl solution 
_ In this case the value of water vapour pressure over the correspond- 
ing absorbing aqueous solution must be deducted from the 


value of P;: 


- 
Po=Pi—- =F! —Pp 


the found volume V9 must obviously be multi 
of this gas under standard conditions; 
unknown component is: 


Vox px 100 
a g 


where g is the weighed portion of the substance being analysed. 
Thee covreanuniliig vines of the mass of one litre of gas in grams 
or of one millilitre of gas in milligrams and their logarithms are 


given ji : a 

pn Sane ee i the mass of collected gas, a calculation is 
made of the percentage of a certain component of a substance which 
is being analysed and from which this gas 1S separated, then the mass 
ound must be multiplied by the value of f’. Table 16,D gives the 
values of /’, which are the product of the conversion factor and gas 
density. va elit We 

The conversion factor is estimated on the basis © _ Sea 
as a result of which the gas being measured is on ! + . 
etermining Al according to the amount of liberated H,, we in 
that three H atoms are formed per Al atom: 


' aAl a, \pr _ 26.982 x 0.08988 _ 9 8920 
where a4, = atomic weight of Al; 


nunindil ht of H; 
dt = Some WBE tang to Table 16,0. 

Thus, the percentage of the unknown compound (z) is found by 
the formula: 


Vof’ x 100 
————— 
g 
or 
VFf' x 100 
———S 


§ 
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Table 16 (continued) 
A. Bringing the Gas Volume to Standard Conditions 









Tem- Corrected barometer reading Pop, mm Hg Propor- 
acing TD —<—— ne | BO al 
°c | 6660 | 664 | 662 | 663 664 665 | 666 parts 





















Logarithm of multiplier F 




















88 767] 88 833] 88 899) 88 964 | 89 030 89 095 | 89 160 


5 | 93 083] 93 149] 93 214] 93 280 | 93 345 | 93 410 | 93 476 7 
6 | 92927) 92 993] 93 058] 93 134 | 93 189 | 93 254193 320| 66 : 
7 | 92774] 92 837] 92 903] 92 969 | 93 034 | 93 099 | 93 164 t | ag’s 
8 | 92 616) 92 682) 92 748) 92 814 | 92 879 | 92 944] 93 009] 2 | 13-2 
9 | 92 462] 92 528] 92 593] 92 659 | 92 724 | 92 789 | 92 Sai cae his ina od nad lan i | 26-4 
6 39.6 
7 | 46.2 
 lelalead won| nesleceel ce 92 308) 92 373] 92 439] 92 505 | 92 570 | 92 635 | 92 701 Slit 
11 | 92 154) 92 220] 92 286] 92 352 | 92 417 | 92 482 | 92.547 
12 | 92 001} 92 067] 92 133] 92 199 | 92 264 | 92 329 | 92 394 
13 | 91 849) 91 914) 91 980} 92 046 | 92 111 | 92 176 | 92 242! 4154 
14 | 91 697) 91 762] 91 828] 91 894 | 91 959 | 92 024 | 92 090 1] 15.4 
3] 46.2 
nn WE Gn feces ee eee h 61.6 
15 | 91 546) 91 612/91 677 | 91 743 | 91 808 | 91 873 | 91 939 By ae 
18 | 91 395} 91 464/94 526 | 94 592 | 91 657 | 91 722 | 91 788 | 5} 2274 
17 | 91 245) 94 341/91 376 | 91 442 | 91 507 | 91.572 | 91 638 | 6 123-2 
18 | 91 095) 91 161/91 226 | 94 292 | 94 357 | 91 429 | 91 4g | 91 138. 
19 | 90 946) 91 011/91 077 | 94 143 | 91 208 | 91 973 | of cat Sa lesa stelle ional astana aad 
148 
m0 | sore mynd eoeml ermal ercoslar clerc 90797} 90 862| 90 928] 90 994 | 91 059 | 91 1241 91 190| 4 )'43,.8 
21 90 649} 90 714] 90 780] 90 846 | 90 911 | 90 976 | 91 042 | 3 ao +f 
22 | 90 501] 90 567| 90 632] 90 698 | 90 763 | 90 828 | 90 894 a] oa3 
23 | 90 354} 90 420 90 485] 90 551 | 90 616 | 90 681 | 90 747 5] 74.0 
24 | 90 207] 90 273] 90 338] 90 404 | 90 469 | 90 534 | 90 600 8) 88.8 
8.4 
io.ies| SE ieee eee Gece ee ee ee 8 | 133.2 
£2 | 90 064) 90 127] 90 192] 90 258 | 90 393 | 90 38s | 90 454 
36 {89 :915/ 89 980] 90 046} 90 112 | 90 177 | 90 242. | 90 308 
54 |89770) 89 836! 89 901| 89 967 | 90 032 | 90097 | 90 163] 142 . 
38 |89 625] 89 690] 89 756] 89 829 | 89 887 | 39 959 90018] 3] 28-5 
29 | 89 481) 89 547/ 89 611 89 678 | 89 743 | 39 808 — ee 8 | bes | oo ane |e e7e 874) 3) 42-8 
4] 56. 
5 71.0 
2 
wm lenmtoraslooanl malaaclecclore 89 337] 89 403] 89 469] 89 594 | g 730| 9} 99-4 
31 | 89 194] 89 260] 89 3961 89 391 | 39 coe | 2 oe | 89 87 | 8| 113-8 
457 | 89 522 | 89 5 57.8 
$2 | 89.051] 89 117] 89 1831 g9 54 4 “ae 
ag, |eeons 8 | 89 314 | 89 379 | 89 444 
33 88 975] 88 041! 89 106 | 89 172 | 89 237 | 89 309 
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Table 16 (continued) 
eee ee 


Tem- Corrécted barometer reading Pop, mm Hg 
pera- oo 
ona 


671 672 673 parts 








670 








°C 667 | 668 | 669 


Logarithm of multiplier # 


5 193541] 93 606] 93 674| 93 736 | 93 801 | 93 866 | 93 931 
6 | 93 385] 93 450] 93 515] 93 580 | 93 645 | 93 710 | 93 775 
i 93 229] 93 294] 93 359] 93 425 | 93 490 | 93 554 | 93 619 
9 





93 074| 93 139| 93 205] 93 270 | 93 339 | 93 399 | 93 464 65 

92 920| 92 985| 93 050] 93 115 | 93 180 | 93 244 | 93 309] 2] 8-3 

ae ee a es aie! 3; 19.5 

4] 26.0 

10 | 92-7661 92 834] 92.896] 92 964 | 93 026 | 93 090} 93 155] 8] 3573 

11 | 92.612] 92 677| 92 742| 92 807 | 92 872 | 92 937 | 93 062] 7] 45.5 

12 | 99 459] 92 524] 92 589] 92 654 | 92 719 | 92 784 | 92 849 | §) 52.0 

13 |92307| 92 372] 92 437| 92 502 | 92 567 | 92 634 | 92 696 9| 58.5 
14 1992 155] 92 220] 92 285] 92 350 | 92 415 | 92 479 | 92 544 
15 | 92.004] 92 069] 92 134] 92 199 | 92 264 | 92 328 | 92 393 
16 | 91.854| 91 918) 91 983] 92 048 | 92 113 | 92 174 | 92 242 

17 | 91703) 91 768] 91 833] 91 898 | 91 963 | 92 027} 92092) 454 

18 |91.553| 91 618] 91 683] 91 748 | 91 813 | 91 877 | 91 942 | 4) 45.1 

19 191 404| 94 469) 91 533) 91 599 | 91 664 | 91 728) 91793) 2) 30.2 

4] 60.4 

91 515 | 91 579 | 91 644 8] 90-8 

20 | 94 255| 91 320] 91 385] 91 450 S| ,20- 

94 | 94 107/91 172) 91 237| 91 302 | 91 367 91 431 | 91 496 | §| i20°8 

99 |90.959| 91 024| 91 089| 91 154 | 91 219 91 283 | 91 348 | 91 135.9 
93 | 908121 90877| 90 942| 94 007 | 91 072 | 91 136 | 91 201 
24 | 90 665| 90 730| 90 795| 90 860 | 90 925 90 989 | 94 054 
ne ln ae ee  _ a se ee 


25 |90519| 90 584) 90 649] 90 744 | 90 779 | 90 843 | 90 908 
2 503] 90 568 | 90 633 | 90 697 | 90 762 
6 | 90373] 90 438) 90 9! 90 423 | 90 488 | 90 552 | 90 617 |, 1%" 


27 é 93 
28 90 083 90 148 90 213] 90 278 | 90 343 | 90 407 | 90 472 


29 |39 939] 90 004| 90 069] 90 134 90 199 | 90 263 | 90 328 


ee eee eee ee ee 

89 990 | 90 055 | 90 120 | 90 185 

fees nae) 8  [a | 
32 5| 39 640} 89 704 | 8 

33 89 368 89 133 39 498| 89 562 | 89 627 | 89 692 | 89 757 

34 | g9 296] 89 291| 89 356] 89 420 | 89 485 | 89 550 | 89 615 


bie Le 


Conourwnrre 
aouvocvowou 
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Table 16 (continued) 





Tem- Corrected barometer reading Po, mm Hg Propor- 
pera- 


ture tional 
°C" 674 | 675 676 677 678 679 | 680 parts 














Logarithm of multiplier F 





5 | 93.995] 94 060] 94 124) 94 188 | 94 252) 94 31694380 64 
6 | 93 839} 93 904] 93 968] 94 032 | 94 096 | 94 160] 94 224| 1) 8-4 
7 | 93 683/ 93 748] 93 812| 93 876 | 93 940 | %4 004] 94 068 | 2] 12:8 
8 | 93528] 93 593] 93 657] 93 721 | 93 785 | 93 349 | 93 913 | 3 25. 
9 | 93373) 93 438| 93 502| 93 566 | 93 630 | 93 694 | 93758 | 5| 32-0 
4.8 
[7h [eet ne el eens Gee ee 51:2 
10 | 93 249] 93 284] 93 348] 93 412 | 93 476 | 93 540 | 93.604 | 9! 57: 
11 | 93 066) 93 134] 93 195] 93 259 | 93 323 | 93 387 | 93 451 
12 | 92913] 92 978] 93 042| 93 106 | 93 170 | 93 234 | 93 298 
13 | 92.764) 92 826] 92 889] 92 954 | 93 018 | 9308293 145| 45, 
14 | 92 609} 92 674] 92 737| 92 802 | 92 866 | 92 930 | 92 993 | , 15.4 
——j— a 
13. |92 458] 92 522) 92 586] 92 654 | 92 715 | 92779 | 92 842] 3 | 77:0 
16 | 92 307/92 374] 92 435] 92 500 | 92 564 | 92 628 | 92 691 8) 07:8 
17 | 92 156 92 221) 92 285] 92 349 | 92 413 | 92 478 | 92 541 | 2] 102-8 
18 | 92 006} 92 074] 92 135] 92 199 | 92 263 | 92 327 | 92 301 | 8] 12876 
19 | 94 857] 91 922] 91 986] 92 050 | 92 114 | 92 178 | 92 242 
Cs ee ee ee ee ee ee ee 
20 | 91 708} 94 773) 91 837} 91 901 | 91 965 | 92 029] 92093) | 148 
21 | 91 560) 91 625] 91 689] 91 753 | 91 817| 91 881 | 91 945 | 4] 44:5 
22 | 91 412] 91 477] 91 544] 91 605 | 94 669 | 91 733 | 91 797 | 2 ii 
23 | 91 265] 91 330] 91 394] 94 458 | 91 522 | 91 586 | 91 650 | & 89.2 
24 | 91 118) 91 183} 91 247] 91 311 | 91 375 | 91 439 | 91 503 | © 3:8 
3. 
—— eee 
25 | 90.972] 91 037] 91 101] 91 165 | 91 229 | 91 293 | 91 357| °! 199° 
26 | 90 826] 90 894] 90 955] 91 019 | 94 083 | 91 147 | 91 214 
27 | 90 681] 90 746] 90 810] 90 874 | 90 938 | 914 002 | 91 066 
23 | 90.536] 90 601} 90 665] 90 729 | 90 793 | 90 857 | 90911] 449 
29 | 90 392} 90 457| 90 524] 90 585 | 90 649 | 90 713190777 | 4 14.2 
AS 
4 e 
30 | 90 249] 90 313} 90 378] 90 442 | 90 506 | 90 5701 90 694 | 8| 71.2 
31 | 90 106} 90 170] 90 235] 90 299 | 90 363 | 90 427 | 90 491 | Hep 
32 | 89 963] 90 027| 90 092| 90 156 | 90 220 | 90 984 | 90 348 |-Etins 
32 [89.824] 89 885] 89 950] 90 014 | 90.078 | 90 142 | 90 206 | 91 127-8 
34 | 89 679) 89 743] 89 808] 89 872 | 89 936 | 90 000 | 90 084 
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Table 16 (continued) 
































Corrected barometer reading Po, mm Hg Propor 














pera- 
ture, 7 —| tional 
°C 681 | 682 683 684 685 686 | 687 parts 
ll ee Gee Gee Se eee eee eee 
Logarithm of multiplier / 
5 | 94444] 94.507] 94574] 94 634 | 94 698 | 94 761 | 94 825 
6 |94 288] 94 351] 94 415] 94 478 | 94 544 | 94 605 | 94 669 
7 194 132| 94 195] 94 259] 94 323 | 94 387 | 94 449 | 94 513 
g |93977| 94 040] 94 104| 94 168 | 94 232 | 94 294 | 94 358 63 
9 | 93829] 93 886) 93 950] 94 013 | 94 077 | 94 140 | 94 203 | 5 18:3 
ee ee ee a a ll 3 i8.9 
4 25.2 
10 |93 668] 93 732| 93 796] 93 859 | 93 923 | 93 986 | 94 049 | Sos 
14 193545] 93.578) 93 644| 93 705 | 93 769 | 93 832 | 93 896 | 7) 44.1 
12 | 93 362| 93 425] 93 489| 93 552 | 93 616 | 93 679 | 93 743 8} 50.4 
13 | 93.209] 93 273| 93 337| 93 400 | 93 464 | 93 527 | 93 590 9| 56.7 
44 193057| 93 121| 93 185] 93 248 | 93 312 | 93 375 | 93 438 
ee ee ee eee Se eS 


15 | 92906] 92 970] 93 034] 93 097 | 93 161 | 93 224 | 93 287 
16 | 92755] 92 819] 92 883] 92 946 | 93 010 | 93 073 | 93 136 
17 |92605] 92 669] 92 733} 92 796 | 92 860 | 92 923 | 92 986 451 


18 | 99.455] 92 519] 92 583] 92 646 | 92 710 | 92 773 | 92 836 | 1) 15.1 
19 199 306| 92 370) 92 434| 92 497 | 92 561 | 92 624 | 92 687 | 3) 39-2 
ee, ee ee ee 7 eee eee amine 4} 60.4 
8 | 90-6 

00 | 92 157| 92. 224| 92 285] 92 348 | 92 412 | 92 475 | 92 538 
31. | 92.009] 92 073] 92 137] 92 200 | 92 264 | 92 327 | 92 390 ; ee 
135.9 


55 191 8611 91 925] 91 989] 92 052 | 91 146 | 92 179 | 92 242 
91 842) 91 905 | 91 969 | 92 032 | 92 095 
23. | 94 714/94 rr 5| 91 758 | 91 822 | 91 885 | 91 948 


25 | 91421] 91 485) 94 549| 91 612 | 94 676 | 91 739 | 914 802 
26 | 94 275] 91 339) 91 403] 91 466 | 94 530 | 91 593 | 91 656 145 











| 94 258) 91 321 | 91 385 | 94 448 | 91 514 

27 | Ot ol ot 049] 94 143] 91 476 | 91 240| 91 303 | 91 366 2| 29:0 
3 n 

99 | 90 841| 90 905] 90 969 91 222 | 3 43.5 
| ae 

71 104.5 

30 | 90.698] 90 761| 90 829 90 889 | 90 952 | 91 015 | 91 079] 7] 104.8 
682) 90 746 | 90 809 | 90 872 | 90 936 | 9 

31. 190555] 90618 90 90 603 90 666 130.5 





9 
90 442) 90 475] 90 53 0 461 | 90 524 


90 333] 90 397 
90 138 90 191] 90 259 90 319 | 90 382 
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Table 16 (continued) 





Tem- Corrected barometer reading Pp, mm Hg Propor- 
iba i tional 
"ec | 68s | 689 | 690 “391 692 693 | 694 parts 

















Logarithm of multiplier F 

9 | 94 888] 94 951] 95 014] 95 077 | 95 139 | 95 202 1 95 265 63 . 

6 | 94 732} 94 795} 94 858] 94 921 | 94 983 | 95 046 | 95 109 a] 

7 | 94576} 94 639} 94 702] 94 765 | 94 828 | 94 891 | 94 953 31 18.9 

8 | 94 421) 94 484] 94 547] 94 610 | 94 673 | 94 736 | 94 798 | 2] 3375 

9 | 94 266) 94 329) 94 392} 94 455 | 94 518 | 94 581 | 94 643 =| Bi-3 
44.1 

a} 80:4 

10 | 94 112} 94 175] 94 238] 94 301 | 94 364 | 94 427194 489 | 91 55- 

11 | 93 959} 94 022] 94 085] 94 148 | 94 210 | 94 273 | 94 336 

12 | 93 806} 93 869] 93 932] 93 995 | 94 057 | 94 120 | 94 183 

13 | 93 653} 93 719] 93 779] 93 842 | 93 905 | 93 968 94 030 154 

14 | 93 501] 93 564] 93 627] 93 690 | 93 753 | 93 816 | 93 878 15.4 
30.8 


93 350] 93 413] 93 476] 93 539 | 93 G02 93 665 | 93 727 
93 199] 93 262] 93 325] 93 389 | 93 451 93 514 | 93 576 
93 049} 93 112] 93 175] 93 228 | 93 301 93 364 | 93 426 
92 899} 92 962] 93 025] 93 088 | 93 151 93 214 | 93 276 
92 750] 92 813] 92 876] 92 939 | 9: 002 | 93 065 | 93 127 


DWooWIWS ens conse 
© 
to 
- 


ce ee ee ee ee ee ee 
20 | 92 G01} 92 664] 92 727] 92 790 | 92 853 | 92 916 | 92 979 , ee 
21 | 92 453) 92 516] 92 579] 92 642 | 92 705 | 92 768 | 92 830 9| 29:6 
2 | 92 305) 92 368] 92 431] 92 494 | 92 557 1 99 620 | 92 682} 21 Zt 
23 | 92 158) 92 221] 92 284] 92 347 | 92 410 | 92 473 | 99 535 ie: 
24 92 011] 92 074] 92 137] 92 200 | 92 263 | 99 395 | 99 388 : 88.8 
ae eee mn | A 118.5 
5G. [ot $65] 91 9281 91 991] 92 054 | 92 117 | 92 180 | 92 242 | 9! 199-? 
52 | 91719] 91 782! 91 845] 91 908 | 91 971 | 92 034 | 99 O9G 
54 | 91574! 91 637] 91 700] 91 763 | 91 826 | 91 889 | 1 os 
SB {91 429) 91 492] 91 555) 91 G18 | 91 681 | 91 344 91.806] 442 
29/91 285) 94 348) 91 414] 91 474 | 94 537 | 91 G00 | 91 662] 4 14-3 
ee ee a 
4 P 
30 | 91 142] 91 205] 94 2681 91 331 | 94 394 | o4 456] 91519] 5| 71-2 
39 | 20.299] 94 064) 91 125) o4 188 | 91 251 | 94 3751 ot one Bl S's 
32 {90 856} 90 919} 90 9891 94 045 | 91 108 91170] 91 233] | 113.6 
31 | 20 214! 90777) 90 840] 90 903 | 90 966 | 91 doe fer o> | | 48:8 
34 | 90572) 90 635] 90 698] 90 761 | 90 894 | 90 886 | 90 949 


cimeeeme ee ee eee eee ed 
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Table 16 (continued) 


aaa cca 


Tem- Corrected barometer reading Po, mm Hg 

Propor- 
tional 
700 | 701 parts 





697 698 699 














tu 
°C 695 | 696 





95 328] 95 390] 95 452] 95 514 | 95 577 | 95 639 | 95 701 
95 172) 95 234| 95 296] 95 358 | 95 421 | 95 483 | 95 545 
95 O15} 95 078] 95 140] 95 203 | 95 265 | 95 327 | 95 389 
94 861| 94 923] 94 986] 95 048 | 95 110 | 95 172 | 95 234 
94 706] 94 768] 94 831] 94 893 | 94 955 | 95 017 | 95 079 


jor) 
bo 


Logarithm of multiplier F 


94 399] 94 461] 94 524] 94 585 | 94 648 | 94 710 | 94 772 


Ooo ton- 
orem co to 19 ee 

UIwmW-)1— Ormond 
WOM COOP 


11 

12 194246] 94 308] 94 370| 94 432 | 94 495 | 94 557 | 94 619 
13 |94093| 94 155] 94 218] 94 280 | 94 342 | 94 404 | 94 466 
14 193941] 94 003] 94 066] 94 128 | 94 190 | 94 252 | 94 314 


10 5521 94 614| 94 677| 94 739 | 94 801 | 94 863 | 94 925 


93 639] 93 701| 93 764| 93 826 | 93 888 | 93 950 | 94 O12 
93 489] 93 551| 93 614] 93 676 | 93 738 | 93 800 | 93 862 151 
93 339] 93 401] 93 464] 93 526 | 93 588 | 93 650 | 93 712 


15 193790] 93.852] 93 915] 93 977 | 94 039 | 94 101 | 94 163 
93 190] 93 252] 93 315| 93 377 | 93 439 | 93 501 | 93 563 


2 |93.044| 93 103] 93 166] 93 228 | 93 290 | 93 352 | 93 414 
92 893) 92.955] 93 018] 93 080 | 93 142 | 93 204 | 93 266 
99 | 99 745] 92 807| 92 870] 92 932 | 92 994 | 93 056 | 93 118 
93 | 99.598] 92 G60| 92 723] 92 785 | 92 847 | 92 909 | 92 975 
94 |99451| 92 513] 92576 92 638 | 92 700 | 92 762 | 92 824 


25 | 92 305] 92 367| 92 430] 92 492 | 92 554 | 92 616 | 92 678 
26 | 92 159] 92 221] 92 284] 92 346 | 92 408 | 92 470 | 92 532 145 


Cox oaouvUttoto- 
~] 
ou 

ct rout utoe 


97 | 92.014) 92 076| 92 139] 92 201 | 92 263 | 92 325 | 92 387] , "1", 
98 194 869] 91 934] 91 994] 92 056 | 92 118 | 92 180 | 92 242 | 2 ani6 
99 | 94 725] 91 787| 91 850] 91 912 | 91 974 | 92 036 | 92 098] 3] 43-5 
— ft 
30 | 91.581) 91 644| 91 706] 91 769 | 91 831 | 91 893 | 91 955 | 7 | 194-0 
31 191 438] 94 501| 91 563] 91 626 | 91 688 | 91 750 | 91 812} 9] 430°5 


39 | 9{ 295] 91 358] 91 420] 91 483 | 91 545 | 91 G07 | 91 669 
33 | 94 153] 94 216] 91 278] 91 341 | 91 403 | 91 465 | 91 527 


34 191 0141] 91 074| 91 136] 91 199 | 94 261 | 91 323 | 914 385 




















Table 16 (continued) 





91 447) 91 509] 91 570] 94 639 


91 693 


91 755 


91 516 


Tem- Corrected barometer reading Pp, mm Hg Propor- 
pera- tional 
"sc | 702 | 703 | 704 | 705 | zoe | 707 | a) = 

Logarithm of multiplier 7 
5 | 95 763) 95 825| 95 886] 95 948 | 96 009 | 96.071} 96 132] 62 
6 | 95 606] 95 668) 95 730] 95 792 | 95 859 | 95 915] 95976] 1) f°? 
7 | 95 451] 95 543] 95 574] 95 636 | 95 698 | 95 759 | 95 820] $| f86 
8 | 95 296) 95 358) 95 419] 95 481 | 95 543 | 95 604 | 95 G65 | 4] 24-8 
9 | 95 144) 95 203) 95 265] 95 327 | 95 388 | 95 450] 95 511] S| 31-9 
“ 4 
—j— tf ys 
10 | 94 987] 95 049] 95 114] 95 173 | 95 234] 95 296 | 95 357} 8! 9°: 
11 | 94 834] 94 896] 94 957] 95 019 | 95 080 | 95 142 | 95 203 
12 | 94 681} 94 743} 94 804] 94 866 | 94 927 | 94 989 | 95 050 
13 | 94 528} 94 590] 94 652] 94 718 | 94 775 | 94 837 | 94 898] 454 
14 | 94 376} 94 438} 94 500] 94 562 | 94 623 | 94 685 | 94 746] 15.4 
dtp da 
4 ji. 
15 | 94225] 94 287| 94 349] 94 411 94 472 | 94 534 | 94 595 | 5) 72-0 
16 | 94074|94 136) 94 198] 94 260 | 94 321 | 94 383 | 94 444 | | {92-4 
17 | 93 924} 93 986) 94 048] 94 110 | 94 171 | 94 233 | 94 294 | 7] 13323 
18 | 93774] 93 836| 93 898] 93 960 04 021 | 94 083 | 94 144 | 9 | 138-6 
19 | 93 625] 93 687] 93 749] 93 811 | 93 872 | 93 934 | 93 995 
4 
20 [03.476 3 sl o3.500| 03 602 | 9a 733 | os zas | aa au 176} 93 538} 93 600| 93 662 | 93 723 | 93 785 | 93 846| , 148 
21 | 93 328} 93 390) 93 452] 93 514 | 93 575 | 93 637 | 93 698 | 4 | 296 
22 | 93 180) 93 242) 93 304] 93 366 | 93 427 | 93 489 | 93.550] 3 Ai. 6 
23 | 93 033) 93 095] 93 157] 93 219 | 93 280 | 93 342 | 93 403 | &| 32°) 
24 | 92 886) 92 948} 93 010} 93 072 | 93 133 | 93 195 | 93 256 | 3 Bx.8 
"a lela tt ee 
+25 [02740] 92.001 o2 8041 92 026 | on oor | on aso bon uo 92 740} 92 8021 92 864] 92 926 | 92 987 | 93 049 | 93 140 | © 
26 | 92.594) 92 656] 92 718] 92 780 | 92 841 | 92 903 | 92 964 
27 | 92 449) 92 511] 92 573] 92 635 | 92 696 | 92 759 | 92 819 
28 | 92 304) 92 366) 92 428] 92 490 | 92 551 | 92 613192.674| 442 , 
29 | 92 160} 92 222) 92 284] 99 3465 92 407 | 92 469 | 92 530 | 1 en 
ST eee eS ee de 
Tis) {osturl beralaecacl caara|l ooanel onam|ac ag 92 017| 92.079] 9 ty yg 
7 (9192 140} 92 202 | 92 263 | 92 325 | 92 386 | 5) 7h *s 
31 | 91 874} 91 936) 91 997] 92 059 | 92 420 | 92 182 | 92 243] 8] bor8 
32 | 91 734] 91 793] 91 854] 91 946 | 91 977 | 92 039 | 92 100 | 8 113.8 
33 91 589) 91 651) 91 712) 94 774 | 91 835 | 91 897 | 91 958 | 91 127° 
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Table 16 (continued) 





















Corrected barometer reading Po, mm Hg 

















pera- Propor- 
ture, tional 
°C 709 | 710 Til 712 713 714 | 715 parts 
ee ee ee ee ee ee ee 
Logarithm of multiplier F 
5 |96 194! 96 255] 96 316] 96 377 96 438 | 96 499 | 96 560 
6 | 96 038] 96 099] 96 160] 96 221 | 96 282 96 343 | 96 404 
7 195 8821 95 943) 96 004| 96 065 | 96 126 | 96 487 | 96 248 
g 195 727| 95 788| 95 849] 95 910 | 95 974 | 96 032 | 96 093 64 
9 195572] 95 633] 95 694| 95 755 | 95 816 | 95 877 | 95 938| 1] ,8-4 
ee eee ee Se ee es ee 3] 18.3 
4} 24.4 
10 |95 448] 95 479] 95 540] 95 601 | 95 662 | 95 723 | 95 784] ¢ He 
44 195 265] 95 326| 95 387| 95 448 | 95 509 95 570195 631] 7] 42.7 
12 |95 142] 95 173) 95 234 95 295 | 95 356 | 95 417 | 95 478 | 8| 48-8 
43 1949591 95 020] 95 082] 95 143 | 95 904 | 95 264| 95 325| 9! 54-8 
94 807| 94 868] 94 930} 94 991 95 052 | 95 112 | 95 173 





15 | 94656] 94 717| 94 778] 94 839 94 900 | 94 961 | 95 022 
16 | 94505| 94 566| 94 627| 94 688 94 749 | 94 810 | 94 871 
17 | 94355] 94 416| 94 478] 94 538 94 599 | 94 660 | 94 721 451 
















18 194 205| 94 266| 94 327] 94 388 | 94 449 9451019457414) 15.4 
19 | 94056] 94 117] 94 178] 94 239 94 300 | 94 361 | 94 422 2 $0.2 
De eS Se Oe een eel a 4| 60.4 
b| tess 
20 | 93 907| 93 968] 94 029] 94 090 | 94 451 | 94 212 | 94 273 ; 
91 | 93759] 93 820| 93 881| 93 942 | 94 003 | 94 064 94 425 | 4| 1808 
99 | 93614] 93 672| 93 734| 93 795 93 856 | 93 916 | 93 977 | 91 135.9 
93 | 93 464| 93 525| 93 586] 93 648 93 709 | 93 769 | 93 830 
94 |93317| 93 378) 93 440] 93 501 | 93 562 | 93 622 | 93 683 
95 | 93474] 93 232) 93 294] 93 355 | 93 416 | 93 476 | 93 537 
26 193025 a 086] 93 148] 93 209 | 93 270 | 93 330 | 93 394 sas 
57 |. 99. 8801 92 944| 93 003] 93 064 | 93 125 | 93 185 | 93 246] ,. 44.5 
98 | 99 735] 92 796| 92 858| 92 919 | 92 980 | 93 040| 93 101} 2] 2970 
99 192.591] 92 652) 92 713] 92 774 | 92 835 | 92 896 | 92 957 3 43.5 
a ee) Co. en Re Ge ie 5 72.5 
9 631 | 92 692 | 92 753 | 92 814 7| 101.5 
30 | 92.448) 92 509] 92 570) 9 
31 | 99 305| 92 366| 92 427| 92 488 | 92 549 | 92 610 | 92 674 a aeece 


32 | 92 993| 92 284] 92 349 92 406 | 92 467 | 92 528 
33 99 020 99 081] 92 142] 92 203 92 264 | 92 325 | 92 386 
34 | 91878) 91 939] 92 000 92 064 | 92 122 | 92 183 | 92 244 
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Tem- Corrected barometer reading Po, mm Hg Propor- 
pera- tional 
™c’ | 746 | 747 | 718 | 719 720 724 | 722 parts 

Logarithm of multiplier F 

5 | 96 620] 96 680] 96 744] 96 802 | 96 862 96 922 | 96 983 64 

6 | 96 464] 96 525} 96 585] 96 646 | 96 706 | 96 767 | 96 827 ; a 2 

7 | 96 308] 96 369] 96 429] 96 490 | 96 500 | 96 611 | 96 671 31 18.3 

8 | 96 153) 96 214] 96 274] 96 335 | 96 395 | 96 456 | 96516 | 4} 24.4 

9 / 95 999) 96 060) 96 120} 96 184 | 96 241 | 96 301 | 96 361 | 5} 39-5 

7 

—-,— oO 

9| 54.9 


10 | 95 845) 95 906] 95 966] 96 027 | 96 087 | 96 147 | 96 207 
11 | 95 691] 95 752] 95 812] 95 873 | 95 933 | 95 994 | 96 054 
12 | 95 538) 95 599] 95 659] 95 720 | 95 780 | 95 844 | 95 904 
13 | 95 386} 95 447] 95 507] 95 568 | 95 628 | 95 688 | 95 748 454 





14 | 95 234) 95 295) 95 355] 95 446 | 95 476 | 95 536 | 95 596 | , 15-4 
0. 

——}— | 5] 3 
15 | 95 083) 95 144) 95 204] 95 265 | 95 325 | 95 385] 95 445] ¢] 77.0 

17 |od ooo] 24993] 95 053) 95 114 | 95 474 | 95 234 | 95 394 | 8} 92-4 

17 | 94782) 94 843) 94 903} 94 964 | 95 024 | 95 084 | 95 144 | 7| 193-3 

18 | 94 632} 94 693) 94 753] 94 814 | 94 874 | 94 934 | 94 994| 5 | 138.6 


19 | 94 483) 94 544) 94 604] 94 665 | 94 725 94 785 | 94 845 


ae AE AGN el eee tealeae insane baile! 
20 | 94 334/ 94 395) 94 455] 94 546 | 94 576 | 94 636 | 94 696| 148. 


21 | 94 186) 94 247} 94 307] 94 368 | 94 428 | 94 488 | 94 548 | 1] 14:8 
22 | 94 038] 94 099] 94 159] 94 290 | 94 980 | 94 340 | 94.4001 2 | Za 
23 | 93 891] 93 952] 94 012] 94 073 | 94 133 | 94 193 | 94 953 | 4 es 
24 | 93744) 93 805) 93 865] 93 926 | 93 986 | 94 046 | 94 106] &| 24:9 
7| 103.6 

ieee bee eee, ee eee 4 
$1 133.2 


25 | 93 598] 93 659} 93 719] 93 780 | 93 840 | 93 900 | 93 960 
26 | 93 452! 93 513] 93573] 93 634 | 93 694 93 754 | 93 814 
27 | 93 307) 93 368) 93 428] 93 489 | 93 549 | 93 Gog | 93 669 
28 | 93 162) 93 223) 93 288} 93 344 | 93 404 | 93 464|93524| 442 


29 | 93 018 93 079] 93 139] 93 199 | 93 959 | 93 390 | 93 380 | | 14.2 
2 . 

pt a 
4| 56. 

30 | 92 874) 92 935] 92 995] 93 056 | 93 146 | 93 4 237| 5] 71-8 

31 | 92734] 92 792| 92 852| 92 913 | 99.973 | os Oma | So no, lie 

32 | 92 588) 92 649) 92 709] 92 770 | 92 830 | 92 g91 | 92 951 | 4144326 

33 | 92 446) 92 507/ 92 567] 92 628 | 99 6gg | 99 749 | 99 809 | 9| 127-8 


34 | 92 304] 92 365] 92 425] 92 486 92 546 | 92 607 | 92 667 


a ee ee ee 
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Table 16 (continued) 























Tem- Corrected barometer reading Pop, mm Hg — 
tans a tional] 
°c’ | #723 | 724 | 725 726 727 | 728 | 729 parts 
Logarithm of multiplier F 
5 197043197 103] 97 163] 97 223 | 97 283 | 97 342 | 97 402 
6 |96 887] 96 947| 97 007) 97 067 | 97 127 | 97 186 | 97 246 
7 196731] 96 791] 96 851| 96 911 | 96 971 | 97 030 | 97 090 
8 196576! 96 636] 96 696} 96 756 | 96 816 | 96 875 | 96 935 ‘ 60 ' 
9 196 421] 96 481] 96 541] 96 601 | 96 661 | 96 721 | 96 781 H a ‘e 
} 3| 18.0 
$) 
27| 96 387] 96 447 | 96 507 | 96 567 | 96 637 | §| 39-9 
4 96 ry 26 174 96 234] 96 294 | 96 354 | 96 413 | 96 473| 7| 28°° 
12 195961] 96 021] 96 081] 96 141 | 96 201 | 96 260 | 96 320 : 48.0 
13 | 95 808] 95 868) 95 928] 95 988 | 96 048 | 96 108 | 96 168 . 
14 | 95.656] 95 716] 95 776] 95 836 | 95 896 | 95 956 | 96 016 
15 05] 95 565] 95 625] 95 685 | 95 475 | 95 805 95 865 
16 mer 95 414] 95 474] 95 534 | 95 594 | 95 654 | 95 714 
17. | 95 204] 95 264] 95 324] 95 384 | 95 444 | 95 514 | 95 564 154 
18 195054] 95 114] 95 174| 95 234 | 95 294 | 95 354 | 95 414 i 15.4 
19 194905] 94 965] 95 025] 95 085 | 95 145 | 95 205 | 95 265 7] as 
4] 60.4 
| ARE 
16] 94 876] 94 936 | 94 996 | 95 056 | 95 116 71405.7 
of 408 of 08 94 728] 94 788 | 94 848 | 94 908 | 94 968 8 120 8 


4.520] 94 580} 94 640 | 94 700 | 94 760 | 94 820 
05 4 313 04 373] 94 433] 94 493 | 94 553 | 94 613 | 94 673 
24 |94 166] 94 226] 94 286) 94 346 |! 94 406 | 94 466 | 94 526 





25 194020] 94 080} 94 140} 94 200 | 94 260 | 94 320 | 94 380 
26 |93874] 93 934] 93 994] 94 054 | 94 114 | 94 174 | 94 234 145 





739] 93 849] 93 909 | 93 969 | 94 029 | 94 O89 
re 3 ey 3 644] 93 704] 93 764 | 93 824 | 93 885 | 93 944 2 43°8 
29 | 93 440| 93 500| 93 569] 93 620 | 93 680 | 93 740 | 93 800 | 3 43-5 

5 72.5 

; 101:5 
30 297| 93 357| 93 447| 93 477 | 93 536 | 93 596 | 93 656 | 7 
34 93 154| 93 214| 93 274] 93 334 | 93 393 | 93 453 | 93 513 | 9 | 146°° 


071] 93 131] 93 191 | 93 250 | 93 310 | 93 370 
33 99 869 92 929] 92 989) 93 049 | 93 108 | 93 168 | 93 228 
34 | 92727] 92 787| 92 847] 92 907 | 92 966 | 93 026 | 93 086 





10* 
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Table 16 (continued) 























Tem- Corrected barometer reading P97, mm Hg Propor- 
a- tional 
e’ | 730 | 734 | 732 | 733 | 734 735 | 736 parts 
Logarithm of multiplier F 
5 |97 461] 97 521|97 580) 97 640 | 97 699 | 97 758 | 97 817 59 
6 | 97 305} 97 365| 97 424) 97 484 | 97 543 | 97 602 | 97 661] 1] 8-3 
7 |97 149} 97 209] 97 268] 97 328 | 97 387 | 97 446 | 97505 | 2| $7°7 
8 | 96 994] 97 054] 97 113] 97 173 | 97 232 | 97 291197 350] 4] 23.6 
9 | 96 840) 96 899) 96 958} 97 018 | 97 077 | 97 136 | 97 195 | 5} 29-5 
3 
a] 4722 
10 | 96 686] 96 745] 96 804] 96 864 | 96 923 | 96 982} 97041 | 9! 53-3 
11 | 96 532] 96 592] 96 654] 96 711 | 96 770 | 96 829 | 96 888 
12 | 96 379] 96 439] 96 498] 96 558 | 96 617 | 96 676 | 96 735 
13 | 96 227} 96 287] 96 346] 96 406 | 96 465 | 96 52496583] 4ry 
14 | 96 075) 96 135} 96 194] 96 253 | 96 312 | 96 371 | 96 430] ,) 45.4 
0.8 
ee 
15 |95 924] 95 984] 96 043| 96 102 | 96 161 | 96 220| 96.279 | £| S420 
16 | 95773] 95 833] 95 892] 95 954 | 96 010 | 96 069 | 96 128 | 8 pare 
17 | 95 623} 95 683} 95 742) 95 801 | 95 860 | 95 919 | 95 978 | 2| 193-5 
18 | 95 473) 95 533] 95 592] 95 654 | 95 710 | 95 769.| 95 828 | 9 | 138.6 
19 | 95 324] 95 384] 95 443] 95 502 | 95 564 | 95 620 | 95 679 
20 | 95 175] 95 235] 95 294] 95 353 | 95 412 | 95 471 | 95 530 i- a 
21 | 95 027| 95 086) 95 145] 95 205 | 95 264 | 95 323 | 95 382| 4| 29'6 
22 | 94 879} 94 939] 94 998] 95 057 | 95 116 | 95 175 | 95 234] 3| 44.4 
23 | 94732] 94791] 94 850] 94 910 | 94 969 | 95 028 | 95 087 A a 
24 | 94 585] 94 645] 94 704] 94 763 | 94 822 | 94 881 | 94 940 6 88.8 
03. 
11 
25 | 94439] 94 498] 94 557| 94 617 | 94 676 | 94.735] 94794]) °° 
26 | 94 293] 94 353] 94 412! 94 471 | 94 530 | 94 589 | 94 648 
27 | 94 148] 94 208] 94 267] 94 336 | 94 385 | 94 444 | 94 503 
28 | 94 003) 94 063) 94 122] 94 181 | 94 240 | 94299194358] 142 
29 | 93 859] 93 918] 93 977] 94 037 | 94 096 | 94 155 | 94 214 1) 44-2 
a ee ee ee ee 
4| 56.8 
aq | 23 745] 93 775] 93 834] 93 893 | 93 953 | 94 012 | 94 071 | 8] 71-9 
31 | 93 572) 93 632] 93 691] 93 750 | 93 810 | 93 869 | 93 928 | 8| 88:7 
32 93 429) 93 489] 93 548] 93 607 | 93 667 | 93 726 | 93 785 | 8 | 113.6 
a8 93 287| 93 347| 93 406| 93 465 | 93 525 | 93 584 | 93 643 | 91 127-8 


93 145) 93 205] 93 264] 93 323 | 93 383 93 442 | 93 501 
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Table 16 (continued) 





Tem- Corrected barometer reading Pop, mm Hg — 
ra- i 

ture, tional 
°C 737 | 738 | 739 740 | 741 | 742 | 743 parts 




























Logarithm of multiplier F 
5 |97876! 97 935] 97 994] 98 052 | 98 111 | 98 170 | 98 222 
6 | 97720] 97 779] 97 838| 97 896 | 97 955 | 98 013 | 98 078 
7 |97564| 97 623) 97 682| 97 740 | 97 799 | 97 857 | 97 916 
8 197409] 97 468] 97 527| 97 585 | 97 644 | 97 702/97 761| 59 
9 |97254| 97 313] 97 372| 97 434 | 97 490 | 97 548 | 97 607] 1) 5-8 
ee fen 3] 17.7 
4] 23.6 
10 |97 100] 97 159] 97 218] 97 277 | 97 336 | 97 394] 97 453] 8] 33°2 
44 196947] 97 006] 97 065| 97 123 | 97 182 | 97 240] 97 299] 7] 41:3 
42 196794] 96 853] 96 912| 96 970 | 97 029 | 97 087 | 97 146 | 8] 47.2 
13 | 96 642] 96 701| 96 760| 96 818 | 96 877 | 96 935 | 96 994] 9! 59-1 
14 |96489| 96 548] 96 607| 96 666 | 96 725 | 96 783 | 96 842 
2 ee ee eee eee ee 
15 |96 338] 96 397| 96 456| 96 515 | 96 574 | 96 632 | 96 694 
16 | 96 187| 96 246] 96 305| 96 364 | 96 423 | 96 481 | 96 540 
17 |196037| 96 096| 96 155| 96 214 | 96 273 | 96 331} 96 390] 454 
18 |95.887| 95 946] 96 005| 96 064 | 96 123 | 96 181 | 96 240] 4) 45.4 
19 | 95.738] 95 797| 95 856| 95 915 | 95 974 | 96 032 | 96 091 | 2) 30.2 
4| 60.4 
5] 38:3 
20 |95 589] 95 648] 95 707| 95 766 | 95 825 | 95 883 | 95 942 : 
a1 195.241] 95 5001 95 559] 95 618 | 95 677 | 95 735 | 95 794 | 8| 120.8 
59 | 95 293] 95 352| 95 411) 95 470 | 95 529 | 95 587 | 95 646 | 91 135.9 
23 | 95 146] 95 205| 95 264] 95 323 | 95 382 | 95 440 | 95 499 
24 |94 999] 95 058] 95 117] 95 176 | 95 235 | 95 293 | 95 352 
2 eee Eee EEE ee 
95 | 94753] 94 942) 94971] 95030 | 95 089 | 95 147 | 95 206 
26 | 94 707| 94 766| 94 825| 94 884 | 94943} 95001] 95060] ,, 
97 | 945621 94 621| 94 680| 94 739 | 94 798 | 94 856 | 94.915] , 149 . 
98 | 94 4417| 94 476| 94 535| 94 594 | 94 653 | 94 711 | 94770] 2] 2970 
29 |.94 273] 94 332) 94 394] 94 449 | 94 508 | 94 567 | 94 626 | 3] 43.5 
8 
30 | 94 1301 94 189] 94 247] 94 306 | 94 365 | 94 423 | 94 482 | 7] 104.5 
a1 | 93.987] 94 046) 94 104] 94 163 | 94 222 | 94 280 | 94 330 | 5] 146°° 






94 196 
94 054 
93 912 


39 | 93 944] 93 903] 93 961] 94 020 | 94 079 | 94 137 
33 | 93 702| 93 764] 93 819] 93 878 | 93 937 | 93 995 
34 |93560] 93 619] 93 677] 93 736 | 93 795.| 93 853 
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Table 16 (continued) 





Tem- Corrected barometer reading Pp, mm Hg Propor 

era- : 

“aha tional 
° 


Cc’ | 744 | 745 | 746 | 747 | 748 | 749 | 750 parts 
eS SS Se eee eee ‘Sees ORANGE EEO SeUeEEEeS 


Logarithm of multiplier / 











5 | 98 286] 98 345] 98 403] 98 461 | 98 519 | 98 577 | 98 635 98 

6 | 98 130] 98 189] 98 247] 98 305 | 98 363 | 98 421 | 98 479 1) 5.8 

7 |97 974} 98 033) 98 091] 98 149 | 98 207 | 98 265 | 98 323 | 2| 11-8 

8 | 97 819) 97 878] 97 936] 97 994 | 98 052 | 98 110] 98 168 | | 23.2 

9 197 665) 97 724) 97 781] 97 839 | 97 898 | 97 956 | 98 013 | 5| 29-9 

| 40.6 

EE is ss ce meen mene 8| 46.4 

10 | 97 541] 97 569] 97 627] 97 686 | 97 744 | 97 802 | 97.959, 9! 52-5 


11 |97 357] 97 416] 97 474] 97 532 | 97 590 | 97 648 | 97 706 
12 | 97 204] 97 263] 97 321] 97 379 | 97 437 | 97 495 | 97 553 
13 | 97 052) 97 110] 97 168] 97 227 | 97 285 | 97 343|97 401| 45, 
14 / 96 900} 96 959} 97 017] 97 075 | 97 133] 97 191 | 97 249| , 24. 


15 | 96 749] 96 807| 96 865] 96 924 | 96 982 97 040 

16 | 96 598} 96 656] 96 714] 96 773 | 96 831 | 96 889 26 947 
17 | 96 448] 96 506] 96 564] 96 622 | 96 680 96 738 | 96 796 
18 | 96 298) 96 356] 96 414] 96 472 | 96 530 96 588 | 96 646 
19 | 96 149] 96 207] 96 265] 96 323 | 96 381 96 439 | 96 497 


OCoxnourwhor 
OonwnonocoSN oS 


20 | 96 000} 96 058] 96 116] 96 174 | 96 232 | 96 290 | 96 348 | . 148 


24 | 95 8521 95 9101 95 968] 96 026 | 96 034 | 96 1 4] sh-6 
2 42 | 96 200 6 

22 | 95 705] 95 763] 95 821] 95 879 | 95 937 | 95 995 | 96 053 | 3 ee 
23 95 558} 95 616] 95 674! 95 732 | 95 790 | 95 848 | 95 906 | 4 59.2 
95 411) 95 469) 95 527] 95 585 | 95 643 | 95 701 | 95 759 | &| 74:8 

3.6 

> OH HY 7) 088 
9| 133.2 


25 | 95 264] 95 322] 95 380] 95 439 | 95 497 | 9 
9 595 | 95 613 
Ee ; ae ae 176] 95 234] 95 293 | 95 354 | 95 409 | 95 467 
8 lore a 031] 95 089] 95 148 | 95 206 | 95 264 | 95 322 
29 loaens 886] 94 944) 95 003 | 95 061 | 95 119 | 95 177 142 
94 742) 94 800] 94 858 | 94 916 | 94 974 | 95 032 


30 | 94540] 94 599] 94 657] 94 
715 | 94 773 | 94 831 | 94 889 
* a od oe 456] 94 514] 94 572 | 94 630 | 94 688 | 94 746 
33 |9 i rts a 313) 94 371] 94 429 | 94 487 | 94 545 | 94 603 
34 939701 ec 171) 94 229] 94 287 | 94 345 | 94 403 | 94 464 
4 029) 94 087] 94 145 | 94 203 | 94 261 | 94 319 


Conor why- 

toK OOS toe 

NASoOcke SHO 
Co fKBeonannrw 


a 
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Table 16 (continued) 





Tem- Corrected barometer reading P9, mm Hg 

















pera- Propor- 
ture, tional 
°C 751 | 752 | 753 754 755 756 | 757 parts 
Logarithm of multiplier 7 
5 | 98693] 98 751] 98 809] 98 866 | 98 924 | 98 981 | 99 039 
6 | 98537] 98595! 98 653] 98 710 | 98 768 | 98 825 98 883 
7 |98 381] 98 439] 98 497] 98 554 | 98 612 | 98 669 | 98 727 
8 | 98 226] 98 284| 98 342] 98 399 | 98 457 | 98 514 | 98 572 58 
9 198071] 98 129] 98 187] 98 244 | 98 302 | 98 360 | 98 417 ; 3-8 
a, OSS SE. 3 17.4 
4] 23.2 
10 |97917]97975| 98.033] 98 090 | 98 148 | 98 206 | 98 263] 8] 29-° 
141. 197764] 97 822| 97 880| 97 937 | 97 995 | 98 052|98 110! 7] 40.6 
12 |97 6414] 97 669] 97 727| 97 784 97 842 | 97 899 | 97 957 : a8 <6 


13 | 97459] 97516] 97 574| 97 632 | 97 690 | 97 747 | 97 805 
14 197307] 97 364] 97 422| 97 480 | 97 538 | 97 595 | 97 653 


15 197456] 97 213] 97 271| 97 329 | 97 387 | 97 444 | 97 S01 
16 |97005| 97 062| 97 120| 97 178 | 97 236 | 97 293 | 97 350 
17 |96854| 96 912| 96 970] 97 028 | 97 086 | 97 143 | 97 200 151 


18 |96704| 96 762| 96 820] 96 878 | 96 936 |96 993 }97 050] 4) 45.4 
19 | 96.555] 96 613] 96 671| 96 729 | 96 787 | 96 844 | 96 901 | 2] 30.2 
_| Od Od 

5] 75.5 

20 | 96 4061 96 464] 96 522| 96 580 | 96 638 | 96 695 | 96 752 | S| ,80-8 
21 | 96 258] 96 316] 96 374] 96 432 | 96 490 | 96 547 | 96 604] g/420.8 
59 | 96 111/96 168] 96 226] 96 284 | 96 342 | 96 399 | 96 456 | 91 135-9 


93 195964] 96 021| 96 079] 96 137 | 96 195 | 96 252 | 96 309 
24 195817] 95 874| 95 932] 95 990 | 96 048 | 96 105 | 96 162 


25 195 671| 95 728] 95 786] 95 844 | 95 902 | 95 959 | 96 016 
26 | 95.525] 95 582| 95 640] 95 698 | 95 756 | 95 813 | 95 870 145 


27 195 380] 95 437| 95 495] 95 553 | 95 611 | 95 668) 95 725) , ots 
98 | 95 235| 95 292| 95 350] 95 408 | 95 466 | 95 523 | 95 580} 2] 29:0 
29 | 95.090] 95 148] 95 206] 95 263 | 95 321 | 95 378 | 95 436 | 3 43.5 
ec ee epee SE ee ee) 
| 6] 87.0 

30 | 94 947] 95 005| 95 062] 95 120 | 95 178 | 95 235 | 95 293 4 101.5 
31 1948041 94 862| 94 919] 94 977 | 95 035 | 95 092 | 95 150 | 9 he 


39 | 94 G61] 94719] 94 776] 94 834 | 94 892 | 94 949 | 95 007 
33 194.519] 94.577] 94 634] 94 692 | 94 750 | 94 807 94 865 
34 | 94377] 94 435| 94 492] 94 550 | 94 608 | 94 665 | 94 723 


(re 


152 














Tem- 

pera- 

ture, 
°C 


oOco=~10 1 


Table 16 (continued) 


Corrected barometer reading P97, mm Hg 








758 | 759 | 760 761 | 762 763 | 764 


Logarithm of multiplier F 


99 096] 99 153] 99 210] 99 267 | 99 324 | 99 381 
98 940) 98 997) 99 054] 99 114 | 99 168 | 99 225 
98 784] 98 841/ 98 898] 98 956 | 99 013 | 99 070 
98 629] 98 636) 98 743] 98 801 | 98 858 | 98 915 
98 474) 98 531| 98 589] 98 646 | 98 703 | 98 760 


98 320} 98 377] 98 435] 98 492 | 98 549 | 98 606 
98 167) 98 224] 98 281] 98 338 | 98 395 | 98 452 
98 014) 98 071] 98 128] 98 185 | 98 242 | 98 299 
97 862] 97 919] 97 976] 98 033 | 98 090 | 98 147 
97 710) 97 767| 97 824] 97 881 | 97 938 | 97 995 


iso) 
Co 
lor) 
> 
co 


97 407) 97 464| 97 522] 97 579 | 97 636 | 97 693 
97 257) 97 315] 97 372| 97 429 | 97 486 | 97 543 
97 107] 97 165] 97 222] 97 279 | 97 336 | 97 393 


97 558) 97 615) 97 683] 97 730 | 97 787 | 97 844 | 97 904 
96 958) 97 016) 97 083] 97 130 | 97 187 | 97 244 


— tt 


96 809) 96 867] 96 924] 96 9814 | 97 038 | 97 095 | 97 152 
96 661) 96 719] 96 776] 96 833 | 96 890 | 96 947 | 97 004 
96 513} 96 571] 96 628] 96 685 | 96 742 | 96 799 | 96 856 
96 366) 96 424] 96 481] 96 538 | 96 595 | 96 652 | 96 709 
96 219! 96 277] 96 334] 96 391 | 96 448 | 96 505 | 96 562 


96 073} 96 131] 96 188] 96 245 | 96 302 | 96 359 | 96 416 
95 927] 95 985] 96 042| 96 099 | 96 156 | 96 213 | 96 270 
95 782) 95 840] 95 897] 95 954 | 96 011 | 96 068 | 96 125 
95 637) 95 695] 95 752) 95 809 | 95 866 | 95 923 | 95 980 
95 493] 95 554| 95 608] 95 665 | 95 722 | 95 779 | 95 836 


95 350} 95 407] 95 464] 95 524 | 95 578 | 95 635 | 95 692 
95 207| 95 264] 95 321] 95 378 | 95 435 95 492 | 95 549 
95 064) 95 124] 95 178] 95 235 | 95 292 95 349 | 95 406 
94 922! 94 979] 95 036] 95 093 | 95 150 95 207 | 95 264 
94 780} 94 837| 94 894] 94 954 | 95 008 | 95 065 | 95 122 





Propor- 
tional 


Oo-10 Cle tote Conder who- CO 10 reco toe 


COO~W18 01 to pe 


parts 


crewttormses OF 


—= 
or 
=~ 


wWMPecoetatw~ 


ed 


42. 


—_—e 
ioe Oo-A1c" 
AWGowre cs 


— oI & OnM-]— or 
WRoNnNlor+-1 


CwWAIWNIAowM 
Aw oromnwars 


WS anmnocwran 


. . . . . . . . 
nor Poownms.rpr 


a one 
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Table 16 (continued) 






Tem- Corrected barometer reading Po, mm Hg Propor 
Oo = 
tional 












ture, 
°C 765 | 766 | 767 768 769 | 770 | 771 parts 
Logarithm of multiplier F 
5 |99 495] 99 552] 99 609] 99 665 | 99 722 99 778 | 99 834 
§ 199.339] 99 396] 99 453] 99 509 | 99 566 99 622 | 99 678 
7 |99 183] 99 240| 99 297] 99 353 | 99 410 99 466 | 99 523 
8 199028] 99 085| 99 142] 99 198 | 99 255 99 311 | 99 368 56 
9 |98874| 98 930] 98 987| 99 043 | 99 100 | 99 156 | 99 213 | 3 5:8 
— ty de 3| 16.8 
4] 22.4 
10 |98720| 98 776| 98 833] 98 889 | 98 946 99 002 | 99059] 8| 28:3 
11 | 98566] 98 623] 98 680] 98 736 | 98 793 | 98 849 | 98906] 7] 39.2 
12 | 98 443] 98 470] 98 527] 98 583 | 98 640 | 98 696 | 98 753} 8| 44-8 
13 198 264| 98 317| 98 374| 98 434 | 98 488 | 98 544|98600| ®! 59-4 
14 |98 109] 98 165| 98 222] 98 279 98 336 | 98 392 | 98 448 
45 |97958| 98 014] 98074] 98 128 98 185 | 98 241 | 98 297 
16 |97 07] 97 863] 97 920| 97 977 | 98 034 | 98 090 | 98 146 
17 |97 657| 97 713] 97 770] 97 827 | 97 834 |97940|97996| 454 
48 |97507| 97 563| 97 620| 97 677 97 734 | 97 790 | 97 846 | 1) 15-4 
19 |97 358] 97 414| 97 471| 97 528 97 585 | 97 641 | 97 697 2 30.2 
ee ee ee ee ee ees el 4| 60.4 
5 75.5 
90 |97 209] 97 265| 97 322| 97 379 97 436 | 97 492 | 97 548 | § P| ae 
97 174| 97 234 | 97 287 | 97 343 97 406 8 120.8 
135.9 


21 197061] 97 117 

59 |96 913] 97 969] 97 026] 97 083 | 97 139 | 97 195 | 97 252 
23 196 766| 96 822) 96 879] 96 936 96 992 | 97 048 | 97 105 
24 196 619] 96 675] 96 732) 96 789 96 845 | 96 901 | 96 958 












96 473] 96 529] 96 586] 96 643 | 96 699 | 96 755 | 96 812 


25 
96 |96 327] 96 383] 96 440| 96 497 96 553 | 96 609 | 96 666 145 
27 196 182] 96 238] 96 295] 96 352 96 408 | 96 464] 96521| 4) 44.5 
98 196.0371 96 093] 96 150| 96 207 | 96 263 | 96 319 | 96 367 | 2] 29:0 
99 |95 893] 95 949| 96 006| 96 062 | 96 119 | 96 175 | 96 232 | 3] 48.5 
5| 72.5 
5 919 | 95 976 | 96 032 | 96 088 | 101-8 
30 |95 749] 95 806) 95 863] 9 
31 | 95.406] 95 663] 95 720) 95 776 | 95 833 | 99 389 195945] 9| iso's 


32 | 95 463) 95 520] 95977 95 633 | 95 690 | 95 746 | 95 802 
a 8 95 491 | 95 548 | 95 604 | 95 660 


33 | 95 324] 95 378] 95 435 
3% | 95 179] 95 236] 95 293] 95 349 | 95 406 | 95 462 | 95 518 
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Table 16 (continued) 

















Tem- Corrected barometer reading Pp, mm Hg Propor- 
ture, |) OSES tila 
°c’ | 772 | 773 | 774 | 775 776 777 | 778 parts 














Logarithm of multiplier / 


5 | 99890) 99 946) 00 002) 00 058 | 00 114 | 00 170} 00226] 56 
7 | 99 sal oo 220} 29 846] 99 902 | 99 958 | 00 014 | 00070] 1) ,5-8 
{| 99579) 99 635} 99 691] 99 747 | 99 803 | 99 859 | 99 914 | 2| 11:2 
8 | 99 424) 99 480] 99 536] 99 592 | 99 648 | 99 704] 99 759 | 2] 22.4 
9 | 99 269) 99 325] 99 381] 99 437 | 99 493 | 99 549 | 99 605 | Sa's 
9.2 
Select tt 
10/99 115) 99 174) 99 227] 99 283 | 99 339 | 99 395 | 99 451 | 9! 5°- 
11 | 98 962} 99 018} 99 073] 99 129 | 99 185 | 99 241 | 99 297 
12 | 98 809) 98 865] 98 920] 98 976 | 99 032 | 99 089 | 99 144 
13 | 98 656} 98 712! 98 768] 98 824 | 98 880 | 98 937 | 98 992 154 
4 | 98 504) 98 560] 98 616} 98 672 | 98 728 | 98 784 198.840) , 14, 
————}—— 1+ I 
15 | 98 353) 98 409] 98 465] 98 521 | 98 577 | 98 633 | 98 689 | ¢| $4:8 
16 | 98 202} 98 258} 98 314] 98 370 | 98 426 | 98 482 | 98 538 | 6 ines 
17 | 98 052 98 108] 98 164] 98 220 | 98 276 | 98 332 | 98 388 a) 23.2 
13 {97 902] 97 958) 98 014) 98 070 | 98 126 | 98 182 | 98 238 | 8| 13378 
19 | 97753) 97 800) 97 865) 97 924 | 97 977 | 98 033 | 98 089 


en SR ae ES NS NS ed bead 
20 | 97 604) 97 660) 97 716] 97 772 | 97 828 | 97 904197 940] 148 


21 | 97 456) 97 512] 97 568) 97 624 | 97 680 | 97 736 | 97 792 | 4] 44:8 
22 | 97 308) 97 364] 97 420] 97 476 | 97 532 | 97 588197 644 | 2| 2275 
23 | 97 161) 97 217 97 273] 97 329 | 97 385 | 97 441 | 97 497 | & 59.2 
24 | 97 014] 97 070] 97 126] 97 182 | 97 238 | 97 294 | 97 350] 8 88:8 

ee ae 1 8.4 
25 | 96 868} 96 924) 96 980] 97 036 | 97 092 | 97 148} 97 204 | 2! 133° 
26 | 96 722| 96 778] 96 834] 96 890 | 96 946 | 97 003 | 97 O58 
27 | 96 577| 96 633] 96 689] 96 745 | 96 801 | 96 858 | 96 913 
28 | 96 432) 96 488] 96 544] 96 600 | 96 656 | 96 712. | 96 768 142 
29 | 96 288} 96 344] 96 400] 96 456 | 96 512 | 9¢ 568 | 96 624] 1) 14-2 

va lanl 

4 ° 
30 196 145} 96 201] 96 257] 96 313 | 96 369 | 9¢ 425 | 96 481] 5} 71-9 
34 | 26.002] 96 058) 96 114] 96 170 | 96 296 | 96 aan 96 338 a) Sos 
39 | ge ooo] 22945) 95.971] 96 027 | 96 083 | 96 139 | 96 198 8| 113.6 
34 | ee 217] 95 773) 95 829] 95 885 | 95 941 | on 997 | 96 053 | 9| 127-8 


95 575) 95 634] 95 687 95 743 | 95 799 | 95 855 | 95 914 
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Table 16 (continued) 


B. Vapour Pressure over Water and over Absorbing Solutions 













KOH solution, concentration 
of KOH ing per 100¢ Saturated Tempera- 


‘ of water NaCl A 
Tempera- Water Jo opclution ture, °C 
ture, °C 10 | 20 30 | 40 


Vapour pressure (P pn mm Hg 


OO OT UT Ke 
Ctr ~1 00 
Joke sk hore)! 
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Table 16 (continued) 
C. Densities of Gases and Vapours (p) 


(Mass of one litre of gas or vapour in grams or one millilitre 
in milligrams under standard conditions) 


p, g/l 
(mg/m]) log p 


rg . 1.7837 25 132 
Arsenic oe oe oon wy t ee 88 705 
Arseniuretted hydrogen, ar- 

sine 3.740 57 287 


3.21 50 650 
Dichlorodifluoromethane, fre- 
on 12 74 115 


Isobutan 
Pentane 


Methyl chloride 
Methyl fluoride 
Chloroform 


e, phosgene 
Xysulphide .. . . 


Chlorin 
sstloe 
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Table 16 (continued) 











p, g/l 


(mg/ml) log p 


Formula Name 








1.34 12 716 
4.6392 21 463 
0.8940 | 95 134 
5.7891 76 261 
0.768 88 536 
1.539 18 724 
3.670 56 467 
5.84 76 418 
0.17847 | 25 157 
3.708 56 914 
4.25055 | 09 710 











HCOH Formaldehyde ..-+---+-° 
HCl Hydrogen chloride ...--:- 
HF Hydrogen fluoride... - 
HI Hydrogen iodide... -- 
H,0 Stier ig 5 io we 4 FS 
H,S Hydrogen sulphide . . - - - 
H,Se Hydrogen selenide . . - - - 
H,Te Hydrogen telluride 
H Healt «aa. 4a TO 














































































Ng Nitrogen ---- s+ *** 
7a Air, mean value .--++-° 4.2929 14 156 
NH, Ammonia .-+-+:'**"° 0.7710 88 705 
N,0 Nitrous oxide... +--+ -° 4.9778 | 29618 
NO Nitrogen oxide . +++ °° 4.3402 42 717 
NO, Nitrogen dioxide .----* 2.055 31 281 
NOCI Nitrosyl chloride ..-- - 2.9919 | 47 595 
NOF Nitrosyl fluoride ..- +: ° 2.231 34 850 
0.90035 | 95 441 


at tT ae 1.42895 | 15 502 

: 2.144 33 122 

OF, Oxygen fluoride ..--+ +: ° 2.424 38 399 
PHs Hydrogen phosphide, phos- 
















































nine 6s ty 2 SF 1.5294 18 452 

PFs Phosphorus pentafluoride 5.805 76 380 
PR, Phosphorus trifluoride . - - 3.907 59 184 
uoride 4.8 68 124 


9.73 98 811 
6.98 84 386 
2.9269 | 46 641 


























SO.F, ide. es 3.99 | 60097 
SbH, Antimony hydride, stibine | 5.59 74 744 
| SiF, Tetrafluorosilane - - +--+ - - 4.684 67 062 
SiH, Silane, silicane ----- ° 1.44 15 836 
Si,H Disilicane» ----** °° 2.85 45 484 





2.73 43 616 
2.08 31 806 
3.03 48 144 
3.64 56 110 
5.3 72 428 
3.86 58 659 
12.9 11 059 
5.851 | 76723 





SiH,(CHs)s Dimethylsilane .+---:+--* 

Methylsilane. - +--+ + °° 
SiH,Cl Chlorosilane .. + -- °° 
CICH, Methylchlorosilane . -- = - 
SiHC],CH, Methyldichlorosilane .. - - 
SiHF;, Trifluorosilane .-- ++: 
WF, Tungsten fluoride... - - 
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Table 16 (continued) 


D. Gasometric (Volumetric) Determination of Gas-Forming 
Substances 


Unknown substance Pg 
under stan- 
2. in i || 
sured | tions corres- | log f’ 
formula name il ag rv fee 
unknown 
substance 
. Aluminium ....,... H, 0.8019 90 416 
a Carbon . P30 BE ae CO, 0.53954 |73202 
ont Carbonate-ion. . . .. . Co. 2.6956 | 43066 
GNHa)s ae Oa ee N, 2.6809 | 42 828 
a 2, Calcium carbide C,H, 2.8877. | 46050 
ae 3 Calcium carbonate CO, 4.4960 65 283 
-_ 2 Calcium fluoride SiF,| 7.0278 |84682 
irs Fluorine <PR RA ees SiF,| 3.4200 [53403 
HNO i Oe H, 2.4899 | 39618 
3 Nitric acid... .. NO 2.8144 | 44939 
HO. eran. peroxide (treat- ) 
wi n ss . be 18 158 
H,0, ew peroxide (cata-} ~ — 
ytic decompositi f 
KMnO, cn ee 02 net mie 
treated with H O 45 073 
aes Potassium nitrate” _ NO <sts0 65 474 
‘7 agnesium .... | | | H, 4.0839 | 03500 
gCO, Negnesium carbonate CO, | 3.7877. |57 
oen...,.... NO 62560 |7963 
ee Ammonium nitrate NO 35751 5 329 
NOs itrate-ion. 2. | | | NO | 2.7694 | 44239 
N20: Nitrous anhydride NO 4.6975 |22981 
NNO Nitric anhydride NO 9.4421 | 38239 
eNO, Sodium nitrate . . . | || NO 3.7962 | 57939 
i ree ; 41 789 
peas Sodium peroxide 0 wily 84 291 
ae oan een ge. Ho 2.9145 | 46456 
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Table 18 


Densities and Concentrations of Solutions 


A. Densities and Concentrations of Nitric Acid Solutions” 










HNO3 concentration 





HNOs3 concentration 










Density at |g per 100¢g Density at |g per 100¢ 
20°C, g/em3 of fern mole/1 || 20°C, g/cms —— mole/! 
(wt. %) (wt. %) 
1.000 0.3333 | 0.05234 A75 29.25 5.455 
1.005 1.255 | 0.2004 180 30.00 5.618 
4.010 2.164 | 0.3468 185 30.74 5.780 
1.015 3.073 | 0.4950 490 31.47 5.943 
4.020 3.982 | 0.6445 195 32.24 6.107 
4.025 4.883 | 0.7943 .200 32.94 6.273 
4.030 5.784 | 0.9454 205 33.68 6.440 
4.035 6.661 | 1,094 240 34.41 6.607 
4.040 7.530 1.243 245 35.16 git 
4.393 & 6. 
050 9 259 mi igs 7.4135 


eh eet el el ee | 
. * * . . . . . . . . . . . . . . * * * * * * * * 


* For the use of the table, see p. 470. 


HNOs concentration 


Density at 
20°C, g/em3 


g per 100g 
of el 
t 


mole/1 
(wt.%) 


12.20 
12.44 
12.68 


56.95 
57.87 






HeS04 concentration 






Density at per 100¢ . 
20°C, bo Bae of solu- mole/1 
tion 
(wt.%) 


eC 
* For the use of the table, see P- 470. 


11—1845 





a 


Density at |g per 100¢ 
20°C, g/cm ogee mole/l » 


161 


Table 18 (continued) 
HNOs concentration 


Density at 


gperi00g 
20°C, g/cms 


of solu- mole/! 


19.09 
19.514 
19.95 
20.43 
20.92 
21.48 
22.414 
22.65 
23.02 
23.10 
23.18 
23.25 
23.33 
23.40 
23.48 
23 .56 
23.63 — 
23.71 
23.79 
23.86 
23.94 
24.01 





H2SO4 concentration 






(wt.%) 


162 - 


Tuble 18 (continued) 


H2SO4 concentration _HeS04 concentration _ 
Density at. |g per 100 g Density al |g per 100 ¢ 
20°C, g/cm of solu- mole/1 20°C, g/ems ah ig mole/l 
(wt.%) (wt.%) 
eee 
1.090 13.36 1.484 1.300 39 68 5.259 
1.095 14.04 4.567 4.305 40.25 5 356 
1.100 14.73 1.652 4.310 40.82 5 452 
1.105 15.41 1.735 4.315 41.39 5 549 
1.110 16.08 1.820 1.320 41.95 5.646 
1.415 16.76 4.905 1.325 42.54 5.743 
1.120 17.43 4.990 4.330 43.07 5 840 
4.125 18.09 2.075 4.335 43.62 5.938 
1.130 18.76 2.164 4.340 44.47 6.035 
4.135 19.42 2.247 1,345 44.72 6.132 
1.140 20.08 2.334 1,350 45.26 6.229 
4.145 20.73 2.420 1.355 45.80 6.327 
4.150 21.38 2.507 1.360 46.33 6.424 
4.155 22.03 2.594 1.365 46.86 6.522 
4.160 22.67 2.681 4.370 47.39 6.620 
1.165 23.31 2.768 1.375 47 92 6.718 
4.170 23.95 2.857 4.380 48.45 6.817 
1.175 24 58 2.945 1.385 48 .97 6.915 
1.180 25.24 3.033 1.390 49.48 7.012 
1.185 25.84 3.122 1.395 49.99 7.110 
1.190 26.47 3.211 1.400 50.50 7.208 
1,195 27.10 3.302 1.405 51.01 7.307 
1.200 27.72 3.391 1.410 54.52 7.406 
1.205 28.33 3.481 1.415 52.02 7.509 
1.210 98 95 3.572 1.420 52.54 7.603 
1.245 29.57 3.663 1,425 53.01 7.702 
1.220 30.18 3.754 1.430 53.50 7.801 
4.225 30.79 3.846 1.435 54.00 7.901 
1.230 31.40 3.938 1.440 54.49 8.000 
4.235 32.01 4.031 1.445 54.97 8.099 
1.240 32.61 4.123 1.450 55.45 8.198 
1.245 33.22 4.246 1.455 55.93 8.297 
1.250 33 .82 4.310 1.460 56.41 8.397 
1.255 34.42 4.404 1.465 56.89 8.497 
1.260 35.01 4.498 4.470 57.36 8.598 
4.265 35.60 4.592 1.475 57.84 8.699 
1.270 36.19 4.686 1.480 58.34 8.799 
1.275 36.78 4.781 1.485 58.78 8,899 
1.280 37.36 4.876 1.490 59.24 9.000 
1.285 37.95 4.972 1.495 59.70 9.100 
4.290 38.53 5.068 1.500 60.17 9.202 
1.295 39.10 5.163 4.505 60.62 9,303 
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Table 18 (continued) 


HeSO04 concentration 


HeSOq concentration 


yeas [earestee] ao, | Bete [Pam ste 
ag mole/] a0 eon mole/] 
(wt.%) 


61.08 
61.54 
62.00 
62.45 
62.91 
63.36 
63.81 
64.26 
64.71 
65.15 
65.59 
66.03 
66.47 
66.91 
67.35 
67.79 
68.23 
68 .66 
69.09 
69.53 
69.96 


r — ee ee pe ee ee pe 
* . * . . . . . * . . . .* * . . . 


— 
99 0 
eR ke 
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Table 18 (continued) 
. . 4 s* 
C. Densities and Concentrations of Hydrochloric Acid Solutions 


HCl concentration HC! concentration 


De at er 100g 
Density at |g per 100g 9 “a clon or solu- 
20°C, g 
mole/] on 


20°C, g/cm3 of solu- mole/1 
on 


0.09872 
0.3748 | 





Concentrations of Hydrochloric Acid Having Constant Boiling Point 
eres ~~ 

sure during dis- 30 

tillation, mm Hg 780 770 760 750 740 7 
Hydrochloric acti 

concentration 

(reduced to a va- 


293 
Ss tone ae 20.173 20.197 20.224 20.245 20.269 20 
Mass of distillate 
containing exac- 
tly dante of HC] , 
weighing _per- 55 
hoes in air), g 180.624 180.407 180.193 179.979 179.766 179 


Ls 


* For the use of the table, see Pp. 470. 
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Table 18 (continued) 
D. Densities and Concentrations of Phosphoric Acid Solutions* 


HgPO, concentration HgP0O,4 concentration 
Oe 7 Ae AT | [ae ae - RRR 


Density at |g per 100g Density at |g per 100¢ 
20°C, g/cm3 f solu- 20°C, g/cm* of solu- 
. “tion | mole/t . tion moter 
(wt.%) 
ee es ee 


0.296 3.908 
1.222 4.010 


24 4.112 
we 4,215 
4.000 4.317 
4.926 4.420 
5.836 
6.745 
7.643 
8.536 
9 429 
10.32 
11.19 
12.06 
12.92 
13.76 
14.60 
15.43 
16.26 


ree ee ee ee pe pe Pe p> pe 
2 ° . . . . . . . . 


i. 
a, 
a: 
i 
1 
1. 
2. 
1, 
2 
1. 
4. 
t. 
i. 
a 
1. 
a5 
4: 
a. 
i. 
a 
wie 
i, 
8 
1. 
di, 
a 
x. 
i. 
i. 
2. 
qv. 
1. 
1. 
i,, 
a 
1. 
1. 
i, 





* For the use of the table, see p. 470. 
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Table 18 (continued) 





H3P04 concentration H3PO4 concentration 
Density at |g per 100¢ Density at |g per 100g 
20°C, g/cm3 of ay mole/1 20°C, g/cm3 of solu- mole/1 
(wt.%) (wt.%) 
1.390 56.42 8.004 1.600 77.60 | 12.67 
1.395 56.98 8.112 1.605 78.05 | 12.78 
1.400 57.54 8.224 1.610 78.50 | 12.90 
1.405 58.09 8.328 1.615 78.95 | 13.01 
1.410 58.64 8.437 1.620 79.40 | 13.12 
1.415 59.19 8.547 1.625 79.85 | 13.24 
1.420 59.74 8.658 1.630 80.30 | 13.36 
1.425 60.29 8.766 1.635 80.75 | 13.48 
1.430 60.84 8.878 1.640 81.20 | 13.59 
1.435 61.38 8.989 1.645 81.64 | 13.71 
1.440 61.92 9.099 4.650 82.08 | 13.82 
1.445 62.45 9.208 4.655 82.52 | 13.94 
1.450 62.98 9 322 1.660 82.96 | 14.06 
1.455 63.54 9.432 4.665 83.39 | 14.17 
1.460 64.03 9.544 4.670 83.82 | 14.29 
1.465 64.55 9.651 4.675 84.25 | 14.40 
1.470 65.07 9.761 1.680 84.68 | 14.52 
1.475 65.58 9.870 1.685 85.14 14.63 
1.480 66.09 9.982 4.690 85.54 | 14.75 
1.485 66.60 | 10.09 1.695 85.96 | 14.87 
1.490 67.10 | 10.24 4.700 86.38 | 14.98 
1.495 67.60 | 10.34 1.705 86.80 | 15.10 
4.500 68.10 | 10.42 4.710 87.22 | 15.22 
1.505 68.60 | 10.53 4.715 87.64 | 15.33 
4.510 69.09 | 10.64 4.720 88.06 | 15.45 
1.5145 69.58 | 10.76 4.725 88.48 | 15.57 
4.520 70.07 | 10.86 4.730 88.90 | 15.70 
4.525 70.56 | 10.98 4.735 89.34 | 15.84 
4.530 71.04 | 41.09 1.740 89.72 | 15.93 
4.535 71.52 | 44.20 4.745 90.13 | 16.04 
4.540 72.00 | 44,32 1.750 90.54 | 16.16 
4.545 72.48 | 4141.42 1.755 90.95 | 16.29 
4.550 72.95 | 14.53 4.760 91.36 | 16.44 
1.555 73.42 | 14.65 1.765 91.77 | 16.53 
1.560 73.89 | 44.76 4.770 92.17 | 16.65 
1.565 74.36 | 11.88 1.775 92.57 | 16.77 
1.570 74.83 | 11,99 1.780 92.97 | 16.89 
1.575 75.30 | 12.44 1.785 93.37 | 17.00 
1.580 75.76 | 12.22 1.790 93.77. | 17.13 
1.585 76.22 | 12.33 4.795 94.17 | 17.25 
4.590 76.68 | 12.45 4.800 94.57 | 17.37 
1.595 77.414 12.56 1.805 94.97 | 17.50 
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Table 18 (continued) 











H3PO,4 concentration 





H3P0,4 concentration 





Density at |g per 100 Density at er 100 

20°C, 3 g ensity at | P sg 

g/cm — mole/l 20°C, g/cms Of sore mole/1 

(wt.%) (wt.%) 

[OO Grins...) a OMe Ceneeaaee Se 
1.810 95.37 | 17.62 1.845 98.10 | 18.47 
1.815 95.76 | 17.74 1,850 98.48 | 18.60 
1.820 96.15 | 17.85 4.855 98.86 | 18.72 
1.825 96.54 | 17.98 1.860 99.24 | 18.84 
1.830 96.93 | 18.10 1.865 99.62 | 18.96 
1.835 97,32 | 18.23 1.870 100.00 | 19.08 


1.840 18.34 








E. Densities and Concentrations of Perchloric Acid Solutions* 


FIC1O4 concentration HC10q concentration 
ERR De ee 








Density at er 100 Density at. |g per 1008 
20°C, g/cm3 & of solu iii 209°C, g/em3 “a mole/] 
(wt.%) | “(wt.%) 
ae ls Se 
1.005 1.00 | 0.1004] 1.120 18.88 | 2.405 
1.010 1.90 | 0.1910 4.125 19.57 | 2.491 
1.015 2°77 | 0.2799 1.130 90.26 | 2.279 
1.020 3°61 | 0.3665} 1-135 20.95. | 2.367 
1.025 443 | 0.4520!) 1:140 91.64 | 2.456 
1.030 595 | 0.5383|| 1.145 92.32 | 2.544 
1.035 6.07 | 0.6253) 1.150 92.99 | 2.632 
1.040 6.88 | 0.7122] 1-155 93.65 | 2.749 
1.045 768 | 0.7989 1-160 94.30 | 2.806 
1.050 348 | 0.8863 || 1.165 24.94 | 2.892 
1.055 9:98 | 0.9745 |) 1.170 95.57 | 2.978 
1.060 10.06 | 1.064 4.175 96.20 | 3.064 
1.065 10.83 4.148 4.180 26 .82 3.150 
1.070 11.58 4.233 4.185 27 44 3.237 
1.075 12.33 | 1.319 4.190 28.05 3.323 
1.080 13.08 4.406 4.195 28 .66 3.409 
1.085 13.83 1.494 4.200 29 .26 3.495 
4.090 14.56 4.580 4.205 29 .86 3.582 
4.095 15.28 4.665 4.210 30.45 3.667 
1.100 46.00 | 1.752 4.215 31.04 | 3.754 
1.105 16.72 1.839 4.220 31.64 3.839 
1.440 17.45 | 1.928 4.225 32.48 | 3.924 
1.415 ig 1g | 2.015 1.230 32.74 | 4.008 


* For the use of the table, see P- 479. 
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Table 18 (continued) 


HC104 concentration HC104 concentration 


Density at |g per 100 ¢ Density at |g per 100g 
20°C, g/cms3 of solu- 20°C, g/cm3 of solu- 
“ mole/l E toe 


(wt.%) (wt.%) 


mole/1 


33.29 


— 
x 
i 
qo 


52.89 7.607 
03.27 7.689 
93.65 7.770 
94.03 7.852 
94.41 7.934 
. 54.79 8.017 
99,17 8.100 
99.59 8.183 
09.93 8.267 
96.31 8.352 
56.69 
o7 .06 
o7 44 
97.81 


1. 
he 
1. 
a 
A. 
as 
i, 
YF 
23 
1. 
ts 
hy 
i. 
i. 
i> 
1. 
a. 
1. 
a 
1, 
¥. 
1, 
1. 
qe 
i 
i 
i 
1, 
1. 
a. 
i. 
ii, 
1, 
1. 
a 
i. 
a, 
5 
1. 
1.6 
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Table 18 (continued) 








HC10,4 concentration 





HClO, concentration 
a. Speenene 





Density at |g per 100¢ Density at | g per 100 
2 ° , 3 . PS ‘ g 
0 G, g/cm of solu mole/l 20 C, g/cms el mole/} 





(wt. %) 






1.655 68 .64 11.31 1.670 69.77 11.60 
1.660 69.02 | 11.40 1.675 70.15 11.70 


1.665 69.40 11.50 
F. Densities and Concentrations of Acetic Acid Solutions* 














CH3COOH concentration 









CHgCOOH concentration \ 
paso A pT 





odonsity at |g per 100g Density at | 6 per 100¢ 
,g/em3 | of solu- | jpole/l 20°C, g/cm ail mole/1 





1.000 1.20 0.200 1.050 40.2 7.03 
1,005 4.64 0.777 4.055 46.9 8.24 
1.010 8.14 1.37 1,060 53.4 9.43 
1.015 11.7 1.98 4.065 61.4 10.9 
1.020 15.4 2.61 1.070 77-79** [13.7-14.14 
4.025 19.2 3.27 1.065 91.2 16.2 
4.030 23.1 3.96 1.060 95.4 16.8 
1.035 97.2 4.68 1,055 98.0 17.2 
1.040 31.6 5.46 4.050 99.9 17.5 
1.045 36.2 6.30 





** Acetic acid, in the given limits of concentration, has a density of 
1.0 } than 0.0001. Since density decreases 
700 g/cm3 with deviations of less Oe eT ator tae 


with a further increase in concentration, then in oF 
peltemieetaes from two possible ones that meets the density found (for exam- 


! ‘060 g/em3; will its concentration he 
ple, the density o! the solution is ! B/ nS; Wittc acid test. If the den- 


593.4% or 95.48 little water is added to 
A, : Hn Ay ger concentration is taken (in the given case, 53.4%), 
and if it increases, a higher concentration is taken (in the given case, 95.4%). 



















G. Densities and Concentrations of Potassium Hydroxide Solutions* 





KOH concentration KOH concentration 





Density at |g per 100¢ 


Density at |g per 1008 ° 
20°C, g/em3 of solu- mole/1 20°C, g/ems oF scout mole/l 
tion (wt. %) 
(wt. %) ° 






0.0351 1.045 1.84 0.333 
1.020 2.38 . 
1.025 






ee 2 
* For the use of the table, see P- 470. 
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Table 18 (continued) 





KOH concentration KOH concentration 
Density at |g per 100g Density at |g per 100g 
20°C, g/em3 | of — mole/l 20°C, g/cem3 oe mole/l 
(wt. %) (wt. %) 
ee a ee eee ali ee 
1.030 3.48 0.639 1.240 25.36 5.60 
4.035 4.03 0.744 1.245 25.85 5.74 
1.040 4.58 0.848 1.250 26.34 5.87 
1.045 5.42 0.954 1.255 26.83 6.00 
1.050 5.66 1.06 1.260 27 .32 6.13, 
1.055 6.20 1.17 1.265 27.80 6.27 
1.060 6.74 1.27 1.270 28.29 6.40 
1.065 7.28 1.38 1.275 28.77 6.54 
1.070 7.82 1.49 1.280 29.25 6.67 
4.075 8.36 1.60 1.285 29.73 6.84 
1.080 8.89 1.74 1.290 30.21 6.95 
1.085 9.43 1.82 1.295 30.68 7.08 
4.090 9.96 1.94 1.300 31.45 7.22 
4.095 10.49 2.05 1.305 31.62 7.36 
1.100 11.03 2.16 1.310 32.09 7.49 
1.105 11.56 2.28 1.345 32.56 7.63 
1.110 12.08 2.39 41.320 33.03 7.77 
1.445 12.61 2.54 1.325 33.50 7.91 
1.120 13.14 2.62 1.330 33.97 8.05 
4.425 13.66 2.74 4.335 34.43 8.19 
1.130 14.49 2.86 4.340 34.90 8.335 
1.135 14.70, | 2.97, 1.345 35.36 8.48 
1.140 15.22 3.09 1.350 35.82 8.62 
1.145 15.74 3.24 4.355 36.28 8.76 
1.150 16.26 3.33 1.360 36.73; 8.905 
1.155 16.78 3.45 1.365 37.419 9.05 
1.160 17.29 3.58 4.370 37.65 9.19 
1.165 17.84 3.70 1.375 38.10; 9.34 
1.170 18.32 3.82 1.380 38.56 9.48 
4.175 18.84 3.94, 1.385 39.04 9.63 
1.180 19.35 4.07 1.390 39.46 9.78 
1.185 19.86 4.19, 4.395 39 .92 9.93 
1.190 20.37 4.32 1.400 40.37 10.07 
4.195 20.88 4.45 1.405 40.82 10.22 
1.200 21.38 4.57 1.440 41.26 10.37 
1.205 21.88 4.70 1.445 41.74 10.52 
1.210 22.38 4.83 1,420 42.155 10.67 
1.215 22.88 4.95, 1,425 42.60 10.82 
1.220 23.38 5.08 1.430 43.04 10.97 
1.225 23.87 5.24 1.435 43.48 44.412 
1.230 24.37 5.34 1.440 43.92 41,28 
1.235 24.86 5.47 1.445 44 36 11.42 
Ht 
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Table 18 (continued) 










KOH concentration KOH concentration 


















20°C gene | Breaiu.® 2080, em? | Gea” 
solu | molest tion simeeie 
; (wt. %) 










1.450 44.79 41.58 1.495 48.67, | 12.97 
1.455 45 23 41.73 4.500 49.10 | 43.13 
1.460 45.66 11.88 4.505 49.53 | 13.29 
1.465 46.09, | 12.04 4.510 49.95 | 43.45 
1.470 46 53 12.19 4.545 50.38 | 13.60 
1.475 46.96 42.35 4.520 50.80 13.76 
1.480 47 .39 12.50 4.525 51.22 | 13.92 
1.485 47.82 12.66 4.530 51.64 | 14.08 
1.490 48.25 |.12.82 4.535 52.05 14.24 









NaOH concentration 
eS 


Density at |g per 100¢ 





NaOH concentration 









Density at er 100 
0°C, g/ems S of solu mole/l 20°C, g/em3 | of a mole/l 
ee 632 Se Ee dein ee %) (wt. %) 
1.000 0.159 | 0.0398 1.105 9.64, 0 | ou | osve| 10s | 9.6% | 2.004 
1.005 0.602 | 0.454 1.110 10.10 | 2.802 
1.010 1.04, | 0.264 4.445 10.55, | 2.942 
1.015 1.49 0.378 4.120 41.01. | 3.082 
1.020 1.94 | 0.494 4.125 11.46 | 3.224 
1.025 2°39 | 0.614 1.130 11.92 | 3.367 
1.030 2.84 0.731 1.135 {2.37 3.510 
1.035 3.99 | 0.854 4.140 12.83 | 3.655 
1.040 3°74, | 0.974 4.145 13.28 | 3.801 
1.045 4.20 4.097 4.150 13.73 3.947 
1.050 465, | 41.222 1.155 14.18 4.095 
1.055 544 1.347 4.160 14.64 4 244 
1.060 5.56 1.474 4.165 45.09 | 4.395 
1.065 6.02 | 1.602 4.170 15.54 | 4.545 
1.070 6.47 1.731 4.475 15.99 4.697 
1.075 6.93 4 862 4.180 16.44 4 850 
1.080 7.33 | 1.992 1.185 16.89 | 5.004 
1.085 7:83 | 2.123 4.190 17.34, | 5.160 
1.090 8.28 2.257 4.195 17.80 5 347 
1.095 8.74 2.394 4.200 18.25, | 5.476 
1.100 _ 00 | oto | 2527 | te |e 2.527 1.205 18.71. | 5.636 
” arama arscae  meneeeaa a 


* For the use of the table, see p. 470. 
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Table 18 (continued) 


NaOH concentration 








NaOH concentration 









Density at |g per 100g 


20°C, g/cm | of solu- Density at |g per 100¢ 











aoe mole/] |} 20°C, g/ems of solu- | mole/l 
(wt. %) 

4.210 19.16 5.79 
1245 19:62 | 8 956 res 3501 1208 
1.220 | 20:07 | 6 495 1385 2.29 
1.295 20.53 6.286 4. 38-00" | 12. 
1.230 | 90:98 | 6 454 1305 36.49, | 12:73 
4235 21.44 | 6 619 1.400 ae-8° | 12:95 
1.240 21:90 | 6788 37.49 (| 13. 
1245 22°36 | 6 958 ap 3799 | 13:39 
1.250 22 89 7.129 ae so a9 | 43.64 
1.255 9327 7.302 Wo 38:09 | 43°84 
4.260 23-73 | 7/475 age 30-29, | 14:07 
1.265 | 24.49 | 7'g59 1430 70.00° | 14.30 
4.270 24.64 7.824 4. ; wrt, | 44:3 
1.275 | 25:40 | 8'o00 Can aos | 44:77 
1.280 25.56 8.178 ae ites | 45°04 
1.285 | 26:02 | 98357 445 | 44.55 | 45.01 
1.290 26.48 8.539 1.450 42.07 45.25 
1.295 26.94 8.729 es Sia (bien 
1.300 27.41 8.906 oe noe 12.98 
1.305 | 27°87 | 9'o99 1.465 | 43.64 | 15.98 
1.310 | 28°33 | ‘978 1.470 | 44.17 | 16.23 
1.345 2880 9.466 pie tees’ | ders 
4.320 29 26 9.656 ae aoe 16.98 
1.325 29.73 9.847 ne line 
4.330 30.20 | 10°04 oe Al Bae 
1.335 30.67 | 40193 en ee ae 
1.340 31.14 | 19°43 cue oe laren 
1.345 31.62 | 4063 on wes (| dee 
4.350 32.10 | 140/93° oe oo bie 
1355 32:58 | 44°03 1.515 48.90, | 18.52 


1.365 33.54 | 14 45 1.525 49.97 | 19.05 













I. Densities and Concentrations 


of Ammonia Solutions* 


NHs concentration 






NH3 concentration 
ty at |g per 100 Eg 















Densi 
20°C, g/cm? | ~ of solu. Density at 
' : “ay mole/] 20°C, g/oms Or eau" mole/! 
(wt. %) (wt %) 
- 7 
0.998 0.0465 | 0.0273 
, 0 
0.996 0.512 | 0.299 | ae | rel | 0834 






1.43 








ee 
*For the use of the table, see Pp. 470. 
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JVable 18 (continued) 







NHzs concentration NHsz3 concentration 












Density at |g per 100g Density at 
99° e y at |g per 100g 
C, g/cms of solu- mole/1 20°C, g/cm3 Fc mdie/l 
(wt. %) (wt. %) 
eee ek ee ee Bo Ra 
0.990 1.89 1.10 0.934 | 16.65 9.13 
0.988 2.35 1.36; 0.932 17.24 9.44 
0.986 2.82 1.63; 0,930 47.85 9.75 
0.984 3.30 4.94 0.928 18.45 | 10.06 
0.982 3.78 2.18 0.926 19.06 40.37 
0.980 4.27 2.46 0,924 19.67 10.67 
0.978 4.76 2.73 0.922 20.27 10.97 
0.976 5.25 3.04 0.920 20.88 11.28 
3.57 0.916 92.12, | 441.90 
3.84 0.914 92.75. | 42.24 
4.42 0.912 93.39 | 412.52 
4.44 0.910 94.03 | 12.84 
4.69 0.908 24.68 | 13.16 
4.98 0.906 95.33 | 13.48 
5.27 0.904 26.00 | 43.80 
5.55 0.902 96.67 | 14.42 
5.84 0.900 97.33 | 14.44 
6.43 0.898 98.00 | 14.76 
6.42 0.896 28 .67 15.08 
6.74 0.894 99 33 15.40 
7.00 0,892 30.00 | 45.74 
7.29 
7.60 
7.914 
8.24 





J. Densities and Concentrations of Sodium Carbonate Solutions 










NagCO3 (anhydrous) NagCOs3 (anhydrous) ~ 
concentration concentration 






Density at ity at 
20°C, g/ g per 100g Density ms |S per 100.8 
= of fou | mole/i ance | “ttten {| molest 
(wt. %) 

1.000 0.19 | 0.018 

: O05 067 | 0.063, 

‘ so 4.44 0.109 

15 1.62 0.455 
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NagCO3 (anhydrous) 







Table 18 (continued) 


NagCOg (anhydrous) 


concentration concentration 
Density at 
once plo Eg ei oe 20°C, elomt 6 PF eckac mole/l! 
tion mole/1 tion 
(wt. %) (wt. %) 

1.050 4.98 0.493 4.125 12.05 1.279 
4.055 5.47 0.544 4.130 12.52 4.335 
1.060 5.95 0.595 4.135 13.00 4.392 
1.065 6.43 0.646 1.140 13.45 1.446 
4.070 6.90 0.696 1.145 13.90 1.504 
1.075 7.38 0.748 1.150 14.35 1.557 
4.080 7.85 0.800 1.155 14.75 4.607 
41.085 8.33 0.853 4.160 15.20 1.663 
4.090 8.80 0.905 4.165 15.60 1.744 
1.095 9.27 0.958 4.470 16.03 1.768 
1.100 9.75 4.012 4.475 16.45 1.823 
1.105 10.22 1.065 1.180 16.87 1.878 
4.140 10.68 1.118 41.185 17.30 1.93 
1.415 11.14 1.172 1.190 17.70 4.987 


1.120 11.60 | 4.296 





K. —— and Concentrations of Selected Commercial 


Reagen 


a eeeeeeesesesSsSC“‘“$RN NS 


Concentration 


Density at 
Reagent 20°C, shane 


Acetic acid, analytical grade 


MIME FUE 6 kk Fi Ke @ <= 1.0549 
Acetic acid, glacial, che- 

mically pure...... < 1.0503 
Ammonia solution, concen- 

WOLOE ey i Hm -% 8 4 0.901-0.907 
Hydrobromic acid... . 1.486 
Hydrochloric acid . . . .| 4.174-4.495 
Hydrofluoric acid, analyti- 

COL:GTAGO «aw Ee » =1.128 
Hydrofluoric acid, pure =1.116 
Hydroiodic acid ..... 1.50-4.55 
Nitric acid, “strong” . . 1.372-1.405 
Nitric acid, “weak” . _ . 1 .337-1.367 


46.85 
35 .0-38.0 


eo 

~] 
t 

Oo 


60. . 
94.0-60.0 


> 17.45 
13.32-14.28 
41.27-12.38 


ae ee ee 
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Table 18 (continued) 







Concentration 


Density at {__S—SEES 


wt. % mole/l 


2 a 










Perchloric acid .... : 4.206-1.220 | 30.0-31.61 3.60-3.84 

Phosphoric acid, analytical 

oe te eee ae me >1.719 ee g mabye 
osphoric acid, pure. . >1.713 . Zio. 

Sulphuric acid)... . | 1-83-1.835 93.56-95.60 | 17.46-17.88 
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Table 20 


Ionic Product of W 
Ranging from 0 °C to 100 lien 





Ky=a + = 
H+ X@op- VV Ky =ay+ =aoqg- 
.. “*G 
Ww x. 
VE 
0 {0-14.96 — 
: Hh xe Gt 5 Mp6 -7 

F 10-14.78 = 0.47 X 10-14 (p7.tk = Ge i 
415 {0-14.34 ~ 0.30 x 10-14 10-7.27 = 0154 x 10-7 
16 {0-14.30 — 0.46 < 10-14 10-7.17 — eee Sip 
17 {0-14.26 — 0.50 x 10-14 {0-27.15 — a eee 
18 {0-14.22 = 0.55 x 10-14 {0-7.19 se oe i 
19 {0-14.19 — 0.60 x 10-14 10-7.11 — oe Oe 
20 {0-14.16 — 0.65 x 10-14 10-7.10 — ran ao 
21 {0-14.12 = 0.69 x 10-14 10-7.08 Be ie 
22 {0-14.09 — 0.76 x 10-14 10-7.00 — epee 
93 10-14,08 — 0.81 x 10-14 10-7.05 — i 
23 10-14-00 — ae oS ae = 0.89 x 10-7 
25 SA-OA08e Ae deta iptan Oh io? 
26 {0-13.96 — 1.00 x 10-34 {0-7.00 — ee ar 
27 {0-13.93 — 1.10 x 10-14 {0-9.98 — te ie 
28 {0-13.89 —— 1.47 x 10-34 10-8.97 — nS see 
29 {0-13.86 — 1.29 x 10-14 10-5.95 — rts oie 
30 {0-13.83 = 1.38 k 10-14 10-6.93 =e og 
» porn 1.48 x 10-14 10-9.92 — ee ae 
32 sp-at on ah teas 10-#.00 = 1°98 x 10-7 
33 {0-13.74 = 1.70 x 10-14 10-8.89 ay be © 
34 {0-13.71 — 1.82 x 10-14 10-8.87 — be aa 
35 {0-13.68 1.95 x 10-14 {0-28.80 — ie ei 
36 {0-13.65 — 2.09 x 10-14 {0-8.84 — yp 
37 {0-13.62 = 2.24 x 10-14 10-6 a =i 2 cB 
31 i0-19.0 = Fas as ie ca = 1.48 x 10-7 
39 {0-13.56 2.57 x 10-14 10-8 oad 0-7 
40 {0-10.00 5a  Woae 10-070 = 1.66 3X 10~ 
50 {0-13.26 = 2.95 X 10-14 10-8 ee 
60 {0-13.02 = 5.50 x 10-14 10-6 et ed 
70 {0-12.80 = 9.55 x 10-14 io eee 
80 {0-12.60 = 15.8 x 10-14 em — 5 es 
90 f-aes . e 10-0. ie 2 ib? 
100 {0-12.26 38.0 « 10-14 es ee 

ed ok ie 0-8 21 — 6.17 x 107? 

10-8.13 — 7,44 x 107? 
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Table 22 


Jonization Constants of Indicators 
(pK; at different ionic strength) 


(t= temperature of experiment) 
A. Monochromatic Indicators 


pKi (ata sero pK, (t=20°C) 
ionic streng 
Indicator and different Ionic strength, 
temperatures x 
Ae are” 0.01 | 0.05 | 0.1 | 0.5 


Pentamethoxy red 
Quinaldine red 
a-Dinitrophenol 
f-Dinitrophenol 
y-Dinitrophenol 
p-Nitrophenol 
m-N itrophenol 





B. Dichromatic Indicators 











pK, (t=20°C) 






K 
Indicator (ionic Ptrimeth os Ionic strength, p 
™ 0.01|0.05| 0.1 0.5 










Thymo! blue (acid 
region)* . . . . | 41.65 (15-30°C)| — [1.65]4.65] 1.65 
Methyl orange* 3.46 — 0.014 |[3.46]3.46]3.46] 3.46 
(¢ = 20°C) KCl) 
Bromophenol blue | 4.10 (15-20 °C) | 4.06] 4.00] 3.85 | 3.75 ( 


romocresol blue 










(bromocreso] 
si e ) .50 KCl) 
green) ..... 4.90 (15-30 °C) | 4.80] 4.70] 4.66 £2 tNaCl) 
Methyl red* . . . | 5.00 —0.006 |5.00/5.00]5.00| 5.00 
(¢ = 20°C) Cl) 
Chlorophenol red | 6.25 — 0.005 |6.15/6.05}6.00|5.9 (K Cl 
Bromocresol purple | 6.40 — 0.005 |6.2816.2116.12 H (acl) 
(t = 20°C ' 
Bromothymol blue | 7.30 (15-30 °C) |7.19]7.13|7.10 6.9 teat 
Phenol red . . . . | 8.00—0.007 |7.92|7.84|7.81] 7.6 iC!) 
i= 20°C) 7.5 (NaCl) 
Thymol blue . . . | 9.20 (15-30 °C) |9.01 |8.95| 8.90 om 
Tek: “ae 






* Methyl orange. methyl red and thymol blue (acid region) have 80 
advantageous feature, ie, their constants are minrnaly affected by the 
electrolytes present, up to an ionic strength of 0.5. 
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Table 24 


Universal Indicators 


1. 100 mg of phenolphthalein, 200 mg of methy! 
’ yl red, 300 
. methy] yellow, 400 mg of bromothymol blue and 500 mg of shame 
ue are dissolved in 500 ml of 96% alcohol, then 0.1 V solution of 
(pH O soda is added until the appearance of a pure yellow colour 


(pH 
Colour. . Red Orange Yellow Green Blue 
PL us BD 4.0 6.0 8.0 10.0 


2. 15 ml of 0.1% solution of methyl yellow, 5 ml of 0.1% solution 
of methyl red, 20 ml of 0.1% solution of bromothymol blue, 20 ml 
of 0.1% solution of oi lanaama and 20 ml of 0.1% solution of 


thymolphthalein are mixe 


Colour ...... Pink Red-orange Orange 

OMe Ck aK 1.0 3.0 4.0 

Colour ...... Yellow-orange Lemon yellow Yellow-green 
rr 6.0 7.0 

Colour ...... Green Blue-green Violet 
am 6 & mcs 9.0 10.0 


3. 70 mg of tropeolin 00, 100 mg of methyl] orange, 80 mg of methyl 
red, 400 mg of bromothymol blue, 500 mg of phenolphthalein and 
100 mg of alizarin yellow R are dissolved in 100 ml of 50% alcohol. 


Colour ...... Orange-red Red-orange Orange 
Ra hima mt 2.0 3.0 4 

Colour ...... Yellow-orange Orange-yellow Yellow 
BH. eect e GS 6.0 6.5 
Colour ...... Green-yellow Green Green-blue 
oo thas Gea 7.0 8.0 0 
Colour. ..... Blue-violet Violet Red-violet 
Ros neuawEs 9.5 10.0 12.0 


4. 100 mg of methyl red, 100 mg of bromothymol blue, 100 m 
of a-naphtholphthalein, 100 mg of phenolphthalein and 100 mg o 
thymolphthalein are dissolved in 500 ml of 96% alcohol. 
Colour .. Red Orange Yellow Green-yellow 
PH. . 4.0 5.0 6.0 TA 


Colour Green Blue-green 


Blue-violet Red-violet 
H : se 8 ; 0 10 ° 0 1 1 e 0 
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Table 28 


Indicators Commonly Used in Complexonometry 
ioe ene ee 
No. Indicator | Formula 


ssi CS 


1 | Acid Chrome 









OH 

Black Spe- pou . 
pe fick] ™08—<C nan AS 
a <> \A\F 

; ee 
Eriochro- O.N 
me Black : 
T) 


* RE stands for rare-earth elements, lanthanoids. 
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concentration | gZous,petng,|  condtens ot | change in eotour 
2 DI ie ne 
Mixture of Al3+ pH 7-8; back titra-~ | Wine red—blue 
indicator tion with a zinc 
(1 wt. %) salt solution in the 
and solid presenceof pyridine 
sodium Ba?+ pH 10; titration in 
chloride the presence of 
magnesium comp- 
lexonate 
Bis+ pH 9-10; back titra- 


tion with a zinc 
salt solution 


Ca2+ pH 10; addition 
of magnesium 
complexonate 

Cd2+, Co%+,| pH 10 

Mg?t, 

7n2+ 

Cr3+ Alkaline medium; 


back titration with 
a manganese salt 
solution 

Fest, Til | Back titration with 
a zinc salt solu- 
tion in the pre- 
sence of pyridine 

Gast pH 6.5-9.5; back tit- 
ration with a zinc 
salt solution 


Hg2+ pH 9-10; addition 
of magnesium 
complexonate 

In3+ pH 8-10; in the pre- 


sence of potas- 
sium-sodium tar- 


trate 
Mn2+ pH 10; addition of 
hydroxylamine 
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Formula 


mm steeee—“‘“‘“‘“‘“CsésOCOC Cd 


1 | Acid Chrome 
Black Spe- Fd 


cial (Chro- Na0,S ~€ S-n=n—4N“%N 
> \ 


Indicator 








me Black 

2 an _— 
T 00; Ne 
Erioch- »- 
rome 
Black T) 


Cr ee 


2 | Acid Chrome HO HO OH 
Blue K | n=n. | | 
en Py, 
| | 
NZ Nao,87 S/ \N/\gogNa 
Nao,g 


feo, Mideiies ce eee 


3 | Acid Chrome OH OH NH» 

Dark | N:-=N | | 

Green G ‘ad \4AVI\ 

alatine ) , 
chrome if a, 
green) \ NaQ3S \/ NF SO3Na 
NO, 

To er 
4 | Alizarin See Table 19, No. 26 (p. 184) 

Red § 
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Table 28 (continued) 














Concentration | determined derarmasnation Change in colour 
7 en Tey epee eee: 
Mixture of Ni2+, Pb2+ | pH 10; back titra- | Wine red—blue 
indicator tion with a mag- 
(1 wt. %) nesium salt or a 
and solid zinc salt solution 
sodium T]8+ pH 10; back titra- 
chloride tion with a mag- 
nesium salt solu- 
tion or an addi- 
tion of magnesium 
complexonate 
viv pH 10; back titra- 
tion with a man- 
ganese salt solu- 
tion 
Se ee ee a 
Aqueous solu- | Ca2+ pH 12 Pink—gray-blue 
tion Mg?t+ pH 10-11; ammonia 
buffer 
Cd2+, Zn2+]| pH 9-10; ammonia 
buffer 
Mn?2+ pH 10; ammonia 
buffer 
Pb?+ pli 10; in the pre- 
sence of tartrate 
OO 
0.5% aqueous | Ca?+ pli> 12. Used in | Brownish oran- 
solution mixture with ge—green 
0.25% aqueous so- 


lution of naphthol 
yellow in the ratio 
of 1:2 (hydro- 


ne II) 
Gast pH 3 Blue—pink 
ek ee See Heese nee ere: sneer aneeee 
0.05% aqueous Thi RE | pH 2.2-3.4 Pink—yellow 


solution pH 2 
Al3+ pH 3.5-3.6; back tit-| Yellow—pink 
ration with a tho- 
rium nitrate solu- 
tion 


i a a 





a ~ 
No. Indicator | 


Formula 


Se ee en 
5 | Arsenazo | 


See Table 49, No. 7 (p. 362) 


ee |e ee © 
6 | Benzidine 


HN-< S-¢ S— Nie 
a ee 
7 | Beryllon II NaOS. Ay SO3Na 

| il | 

VW/\G 

H .4H,0 
\ - OH 
| 
Sods 
Na0,s” S“ \7Ngo3Na 

- Ses ei 
8 | Bromopyro- 


Biol red, 
BP 


On On ‘4 
Oe Nr 
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Table 28 (continued) 

















Concentration fone bene ee. Change in colour 
— Pul¥ 0.4-0.2@ HCl Violet—pink 
Thi’ pH 1.6-3 
urY pH 1.7 
RE pH 7 


Ca2+, Mg?+ | pH 10 


1% solution in| Al3+, Bi3+, | Buffer solution: 500 g Colourless—blue 


glacial ace- Fes*, of ammonium ace- 
tic acid Ga3t, tate and 20 ml of 
SnlV | glacial acetic acid 


Til¥ in one litre. Addi- 
, tion of Fe(CN)g- 
and Fe(CN)3-, and 
back titration with 
a zinc acetate so- 


lution 
0.02% aqueous | Be®* pH 12-13.2 Blue—violet 
solution Mg?+ pH 10 Blue-violet— 
violet-red 


oe  __ , ia 


0.5% solution | Bi%* pH 2-3; HNO3 ee a 
in 50% al- yellow 
cohol ™* Pb?2+ pH 5-6 tel 

re 
Ni?t, pH 9.3; ammonia Blue—wine red 
Co2t+,Cd2+|} _ buffer 
Mg2+, Mn?* pH 10; ammonia Blue—violet- 
. buffer red 
pd2+, TI5+,| Back titration with 
3+ a lead salt or a bis- 


Fe : 
In3+, Gast muth salt solution 


Eee 


15—1845 





Indicator 


Formula 
ee a a 
Calcein: see Fluorexone, No. 24 (p. 232) 


a 








10|Calces (Pat- a HO 
ton-Reeder Ls 
ye; a \ = oe 
HHSNN) Na0S—<_ 7 -N=N—C€_>—cooH 
’ i * yr % 
YG 4 
ee lh 
11} Calcion HO OB 


| 
ue 
HO N==n——/ Sf 





HO —i——/ AN NaQ3s/ \/ #30sNa 
Oo AN Naoss’ “ SO3Na -H2O 
4S/N4N 
NaOg3S SO3Na 
One": "emiimmeeeaeees 
12 | Calcon (Acid COOH HO SO3Na 
izarin gt bd 
Red V; € S\-n=n-? SS 
Eriochro- i i. 
me Red <"’S 
RE) ae 
Ng03Na 


rr . 


13] Chalcone HO HO 
i. oh rex > 
me ue- PF Sie — H,0S 
Black R: ge oe 
Erio R) - —_,* 





Concentration 
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Table 28 (continued) 


Conditions of 


ein 
os hee determination 


determined Change in colour 








ee  ———————— 


a ad 


Mixture of Ca*+ 


pH 12-14 Wine red—blue 


indicator 
(1 wt. %) 
and solid 
sodium 
chloride 


re 


Crimson—bril- 
a Ca™ aa as liant blue 


pH 13 a) ee es core! ee 


0.35% aqueous | Ca2+ ge-red 


solution 

(10 ml) with 
the addition 
of 0.02% 
aqueous s0- 
lution of 
methylene 
blue (10 ml), 
0.4% solu- 
tion’ of po- 
tassium salt 
(calculated 
on the basis 
of Ca®*+) 

(5 ml) and 





Ca2t pH 14. 5; NHs; Pink—blue 
pH 12.5-13; NaOH 
Cd2t pH 11.5; NH 
Mg2+, Mn?+,| pH 10; ammonia 
Zit buffer 








No. Indicator Formula 
14 | Chromasurol H3C CH3 
romasuro] \AN\ \A 
S; albe- | 
cone) HOOc’ \/ \c4\4\coon 
"YY 
\/s03H 


| 
15; Chromogen Black Special ET 00: See Acid Chrome Black Spe- 


ne ee 


16) Chromoxane CH; 





Green GG ‘in 
Treen 
) ON 0 v 
HOO0C% S/ \cZ wy, N\coou 


C) CH3 
\/NNEN —<_S-on 


~ \coor 
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Table 28 (continued) 





Concentration 








Ions bein 
determine 





Conditions of 
determination 


Change in colour 


ss. a 


0.4% aqueous | Al?+ 
solution 
Ca2+ 


Cu?t 


pH 4; acetate buffer, 
80 °C 
pH 11; NH3 


pH 6-6.5; acetate 
buffer 
pH 8-10; NHs 


pH 2-3; chloroacetic- 
acetate buffer, 


0°C 

pH 11; NHs 

pH 11; NH3 

pH 8; pyridine 
NHs 

pH 1-3; HNOs 

pH 4; acetate buffer 


Violet—yellow- 
orange 

Pale red-oran- 
ge—yellow 

Blue or blue- 
violet—green 

Violet—yellow 
or yellow- 


green 
Greenish blue— 
yellow-orange 


Dirty red—yel- 
low 

Blue-violet— 
yellow 

Violet—yellow 


Red-violet— 
orange 

Blue-violet— 
red-orange 


ee eee Se ene 


cial, No. 4 (p. 220) 


me 


—_ 2+, Ca2t+ pH 41 
Ne pH 8 
Cu 
Ni2t+ pH 11 
vo? pH 4 


Red—green 
Red—orange 
Red—green 
Violet—red 
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No. Indicator 





Formula 
17) 3, 3’-Dime- FN FX 
thylnaph- N=/ NLS 
thidine HN—~{ S—Z S—nh. 
(DMN) - Yee SF 
H3C” \CH; 


18| Dipheny] 


See Table 27, No. 8 (p. 217) 
carbazone 


gir Sireenieemnaceeneie ns tear 


19| Dithizone See Table 49, No. 43 (p. 376) 


aos esss—“‘“<CiidiLS 


20| Eriochrome Black T; See Acid Chrome Black Special, No. 1 


21| Eriochrome 


lue- ve 
Black B Ne08—< )-Nan-“V/N 
> N/\F 
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Table 28 (continued) 











Concentrati Ions bein Conditions of 


1% solution | Zn?+ H 5; in i 
in glacial : of ce a TT 
acetic acid |AI9+, Cd2+, | pH 5; back titration 
Cu*t, in the presence of 
Ni*, Fe(CN)3- 
Pd3t 
ee a a 
0.2% alcohol | Hg** pH 4; HCI-KCl Blue-violet— 
colourless 


solution 
Pb*+ pH 4.5-6.5; acetic- Red—colourless 
acetate buffer 
_—_— : 
0.075% solu- | Cd2+ pH 4.5; 59% alcohol | Pink—yellow 
H 4-6; 50% alcohol Pink—blue, 


tion in ethyl | Zn?* p 
alcohol or dimethy! ketone een or yel- 
ow, depen- 
ding on pH 
Ni2t+ pH 4.5; 60% alcohol | Pink—yellow 
Pb2+ pH 4.7-5.4; 90% al- | Pink—yellow 
cohol in the pre- 
sence of urotropi- 
ne buffer 
Al8+ pH 4-5; 50% alcohol; 
back titration with 
a zinc salt solu- 
tion 
Bie i- . owt ee Uh 


(p. 220) 


Red—blue 


0.4% solution | Ca®+, Cd** pH 414.5; NH 
H 10; ammonia Red—blue 


in methanol| Mg?*, 2n?*| P 
buffer 
0.01-0.2M HCl, hot Blue—red 


ulY 
solution 

ari 0.01-0.5M HCl; 50% Blue—red 
methanol, hot so- 
lution 


es es ee 
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No. Indicator Formula | 
22) Eriochrome @% ‘8 
Red B i" ion ae, a 
Na038 —< a a ee er i 
OH be 


23 | Eriochrome H;C CH; 
‘4 
HOOGC” S/\C/\4\ coo 
A /S0sH 
V 








24/ Fluorexone 


HO. fe) O 

i Fut %& 

(calcein, HOOCH,C ( ‘au — 
fluorescein \ PP the one 
complexo- by — Hac Cc CHy-N 

ne) HOOCH.C \/£00H  cH,cooH 


|) 
/ 
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Concentration jae Bene pee Change in colour 
(A CEC Toarecurnde Pecatads-eeane MSE” 
mee Ca?+ pH 10; ammonia Red—yellow 
buffer 
Cutt pH a chloroacetic | Purple—yellow 
aci 
pH 4; acetate buffer Purple—green 
Mn®+ pH 8-10; ammonia Red—yellow 
buffer; ascorbic 
acid 
Ni?* pH 4-6; acetate Purple—pale 
buffer yellow 
Pb?+ pH 10; ammonia a red— 
buffer; tartrate yellow 
Zn?+ pH 6.5; urotropine Red—yellow 
buffer 


a 


H 5-6.3; acetate Yellow—violet 
buffer, back titra- 

tion with a zinc 

salt solution, 

70-80 °C 


0.4% aqueous | Al5+ p 
solution 


zrlY pH 1.4; hot solution er 
ess 
Fe3+ pH 2-3; cloroacetic Violet—yellow 
acid-acetate, 60 °C or green 
Th’ pH 2-2.5 Purple—pink 


2% aqueous | Ca2+ pH > 12; KOH or | Fluorescence— 
solution or NaOH blue or green 
solid mixtu- | Ba2*+, Sr2+ | pH 44.5; NHs or | Fluorescence— 
re with pH 12.5; KOH pink, almost 
KNOsz in the colourless 
ratio of Cu2t pH 10-11; ammonia 
1: 100 buffer : 

Mn?2+ pH 8-11; ammonia 
buffer --+- NH,OH 


UNS NDP en 
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No. Indicator | Formula 
25} Glycinthy- HsC CH3 H3sC CHg 
mol blue %G NG 
(GTB) HO | 1 Oo 
ae, ONG 


| ; 
HOOCH;CHNH,G’ ” \ y \7 \cHNHCH,COOH 


i CH3 
| a fost 
7 
Be ——CC Sd 
26 Giporelhte- OH HO 
(2-hydro- arn / * iN 
xyanil) LI l 
(GBHA) NNN =CH — CH =N/ 7 





27 sioatony See Table 19, No. 34 (p. 186) 
n 


tium| «27, 
28 | Hydroxyhy- 


rpg actig SO. \/9 *, pe 

(hy- 

Sronye” moe cZ \47 Now 

sulghoph — 

sulphoph- 3 
haleiny (\ / 
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Table 28 (continued) 


a 


Ions being Conditions of 
determined determination 


ee 


Concentration Change in colour 











0.19% aqueous | Cu2+ pH 5-6; urotropine Blue—yellow 
solution buffer 
Zn°+ pH 7.5; pyridine 
buffer 


a 


a Ca2+ pH 13 (in the pre- | Pink—yellow 
sence of KCN, the 
end point is more 


distinct) 
0.5% solution | Al3+ pH 6; back titration Yellow-green— 
in 90% al- with an alumi- pink 
cohol nium salt solution} | 
Bis+ pH 1-2; HNO3 Pink—pale yel- 
low 
THY pH 2 Orange—yellow 
ZrlY pH 1-4.5 Pink—yellow 


0.1% aqueous | Th'Y, Bist | pH 2.4-35 acetate Pink—yellow 
solution buffer 


$e a ies pik ae 


0.01% soluti Mg2+ pH 9.8-11.2 Red—blue 
in "waited ey Catt, ca2+ | pH 11.5; NH3 
acetone Ba2*, Sr2t pH 42.5; (CoH5)2NH 


acetate buffer 


Ni2+ pH 4; hot solution Red—orange 


ee 
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A SE Se Ea ee ee a aS I 


No. Indicator | 





Formula 





30} Metallphthalein: See Phthalein complexone, No. 39 (p. 242) 


i 


31] Methylthy- 


H3C CH3 H3C oe 
mol blue SZ S 
CH CH 
(MTB) a. : 
a) ‘ 
HOOCH:C, = /\ \y~ HCOOH 
N-chte’” \ Vi | HoC-N 
HOOCH.C” my CHs | ‘cHscooH 
| ~ S03 
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Table 28 (continued) 


Concen Tons bein Conditions of 
tration determine determination Change in colour 


oe (aeaianeienetete (Riccncacemmeals (enenenneneecentre [ee 











Solid mixture | Ba2+, Sr2+ | pH {0-41; ammonia | Blue—gray 


of the indi- buffer 
Rn with | Ca®+ pH 12; NH3 or NaOH 
NO in the | Mg+ pH 10-11.5; ammonia 
per: of buffer 
: 100 Bis+ pH 1-3; HNO3 Blue—yellow 
Cd2+, Co2+ | pH 5-6; urotropine 
buffer 
pH 12; NH3 Blue—gray or 
colourless 
Cu*+ pH 11.5; NHs Blu —colour- 
less or gray- 


green 
Fe2+ pH 4.5-6.5; urotro- | Blue—yellow 


ine buffer 
Hg? pH 6; urotropine 
buffer 
In3+ pH 3-4; acetate buffer 
Mn2+ H 6-6.5; urotropine Blue—yellow 
buffer 
pH 11.5; NHs3 Blue—gray 
Pb2+ pH 6; urotropine Blue—yellow 
buffer 
pH 12; NHs in the | Blue—gray 
presence 0 tart- 
rate 
RE pHi 6; urotropine Blue—yellow 
buffer 
pH 9.2; HNO3 
Sn2+ pH 5.5-6; pyridine+ Blue—yellow 
+acetate-+ F- 
7n2+ H 6-6.5; urotropine Blue—yellow 
buffer 
pH 12; NH3 Blue—gray 
api pH 1-2; chloroacetic | Blue—red 
acid, 90°C 
Ga3t, In3+ pH 4.5-6; acetate Disappearance 
buffer of thuores- 
cence 


(Me —————e—eeEeeeeeeeeee 
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No. 


Indicator Formula 


i —“(CiststsiididLC 
32| Morin: See Table 25, No. 25 (p. 214) 








33] Murexide HN —CO OC— NH 
ONH,-H,O 
Sa ee ee. = 
34] Naphthol ON 
yellow ‘ > 
—iie - be 
NaO a, NO. 
YS 
Na0.S% 


ee ee 


39! Naphthyla- 


zOxine @~ a 
,, 4N/\ 
CSO 
ba 
mer A | 
ret K J-N=n—< > 
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Table 28 (continued) 







Conditions of 


Ions bein 
determination 


determine Change in colour 











| Concentration 





Disappearance 
of tluores- 
cence 


Ga3+, In3+ | pH 4.5-6; acetate 
buffer 























ee ee ees 
Mixture of the | Ca2+ pH > 12 Red—violet 
indicator Co2+ pH 8; NH3 
(0.2 wt. %) | Cu?+ pH 7-8; NH; Orange—violet 
and solid | Ni?+ pH 8.5-9.5; NH3 
sodium chlo-| Agt pH 10-11.5; NHg Red—violet 
ride Pd2+ Addition of Yellow—violet 
KoNi(CN)4-+- 
+NH,OH 


ms 
Used in mixture with Acid Chrome Dark Green G (No. 3) 


i 


Cu2+ pH 3.5-6.5; acetate Yellow—red 


buffer 
H 9.3; ammonia Yellow-green— 


buffer pink 
pH 6.7-7.0; acetate Yellow—red 


Mn?t 
buffer 

Ni2+ pH 5.5-6.5; acetate 
or pyridine buffer 

Ph** pH 6-6.5; acetate or 
pyridine buffer 


Se 


0.1% solution | Bi3+ pH 1-3; HNO3 Red—yellow- 


in ethanol green 
Or methanol 
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r Indicator | Formula 
| 
a 
36| PAN [1-(2- aN 
herded Py =< 
Z20)-0 ph- = “—— 
thol-2] % oe 8 Nee 4 
N ri 
HO 


= ae es = 


37] PAR [4-(2- 
pyridyla- an ‘aia - 
20)-resor- | HH N=N— || 
cinol] \/ = 


Ions being 
determined 


Concentration 








0.19% solution | Cd2+ 


in ethanol 
or methanol | Cu?+ 


In3+ 
Ni2+ 
ThY 
T 13+ 


7Zn2t 


0.1% aqueous 


Bi3+ 
solution ]5+ 


In’ 
Hg?+ 
Cd2+ 


Cu2+ 
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Table 28 (continued) 


Conditions of 


determination Change in colour 





Pink— yellow- 
green 


pH 5-6; acetate 
buffer 

pH 3-5; acetate 
buffer, 70-80 °C 

pH 9-10; ammonia 
buffer, 50 °C 


Violet—yellow 


pH 2.3-2.5; acetate | Red—yellow 
buffer, hot solution 

pH 4; 25% metha- | Violet-red— 
nol, 50-70 °C yellow 

pH 2-3.5; HNO; Red—yellow 


pH > 1.8; chloroace- 
tic acid, hot solu- 
tion 

pH 4-6; acetate 
buffer 


Back titration with 
a cupric salt soju- 
tion 


pH 1-2; HNO; Red—yellow 
pH 1.7; hot solution 


pH 2.3-2.5; 60-70 °C 


pH 3-6 Red—yellow- 
orange 
pH 6-11.5; ammonia | Red—yellow 
or urotropine buffer 
pH 5; acetate 
buffer 
pH 6; urotropine Wine red—yel- 
buffer low or green 
pH 11.5; ammo- 
nia buffer 





16—1845 
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No. Indicator Formula 
- OH 
mie A 
azoO)-resor- : —N-N — 7 
cinol] Yi ba 
OH 


38| Patton-Reeder Dye: See Calces, No. 10 (p. 226) 
ae ee 


39 | Phthalein HOOCH,C CH .COOH 
complexo- SN NZ 
ne (metal|- HOOCH,C7 | | \CH,COOH 
Aire eta HC se 
phthalein | O 
purple; a 
cresolph- | || | | 
thalexone) H.C7 Y/N C 4\4 cH, 
H 
} ~ s&00 
\S 
JOU \(URasiaaacaeeeees ceeeeee 
40 | Pyrocate- HO OH 
chin violet HO | l 0 
(pyrocate- \AN ANA 
chin sul- fi f | 
phophtha- W/\o4\4 
lein) 
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Table 28 (continued) 








"Ed 
FEE 


Concentration 


0.19% aqueous 
solution 


(a) 0. 9% aque- 
ous solu- 
tion 

(b) mixture of 
0.1 g of 
amon 
Complexone, 
0 005 g of 
methyl red 
and 0.005 ¢g 
of diamine 
aan in 

100 ml of 
Water 


0.196 aqueous 
Solution 





Ions being 
determined 


Mn?*+t 
Ni2+ 
Ph2+ 


RE and Y3+ 
Zn2t 


Ba?t, b Sr2t+ 


Mg?+ 


Ca2t+ 
Cd2+ 


Bist 
Cd2+ 


Co2+ 
Ni2t 


Cu2+ 





Conditions of 
determination 


Change in colour 


pH 9; ammonia Red—yellow 


buffer 
pH 5; acetate buffer, | Red—yellow 
90 °C 


pH 5-9.6; urotropine | Red—yellow 
or ammonia buffer 

pH 6; acetate buffer | Red—yellow 

pH 5-11.5; urotropi- Red—yellow 
ne or ammonia 
buffer 


pH 10.5-11; addition | (a) Red-violet— 

of ethanol pale pink or 
colourless 

pH 10-11; NHs; ad- | (b) Red—pale 
dition of ethanol gray 

pH 10-11 

pH 10; ammonia 
buffer + 30% of 
ethanol 


pH 2-3; HNO3 Blue—yellow 
pH 10; ammonia Greenish blue— 
buffer red-violet 
pH 9.3; ammonia 
buffer 
pH 8-9.3; ammonia 


buffer 
H 5-6. * acetate Blue—yellow 


buffer 
pH 6-7; pyridine 


b fler 
H ‘9. 3; ammonia Blue—red-vio- 
puffer let 


Se ees 2 ae 


DAA 














No. Indicator | Formula 
40 | Pyrocate- HO OH 
chin violet Ho. ! | o 
(pyrocate- \A\ JN 4 
chin sul- | ) 
phophtha- Y/ \cZ \JA 
= | SOsH 
(VY - 
\/ 


[ ae, es 


41] Pyrogallol OH OH 
red 


l | 
oe JN ~° 
\cF \Z 


HO 


| 
‘on 
W 


cee ee 
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Table 28 (continued) 


Lee 


Ions being 


Concentration determined 











Conditions of 


determination Change in colour 


ee —— 


Fe3+ 
Ga3t 
In?+ 
Mg?2+ . Zn2t 


Mn2t 


0.1% aqueous 
solution 


ThlY 
Ph2t 
Als+, ) 


Blue—yellow- 


green 
Blue—yellow 


pH 5-6; pyridine-ace- 
tate buffer 

pH 3-3.8; acetate 
buffer 

pH 5; acetate buffer, 
hot solution 

pH 10; ammonia 
buffer 

pH 9.3; ammonia 
buffer + NH,0OH 

pH 2.5-3.5; HNOs, 
40 °C 

pH 5.5; urotropine 
buffer 


Blue—yellow 


Greenish blue— 
red-violet 


Red—yellow 


Blue—yellow 


Back titration with 
a cupric or bismut 
salt solution 


pH 5; back titration 
with a zinc salt 
solution, 70-80 °C 


a a ce 


0.05% solution | BiS+ 
in 50% etha- 
nol Co2+, Ni2+ 


Red—orange- 
yellow 
Blue—wine red 


pH 2-3; HNO3 


pH 9.3; ammonia 
buffer 

pH 5-6; acetate 
buffer 


Violet—red 


Back titration with 
a lead salt or a 
bismuth salt solu- 
tion 
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No. Indicator | Formula 


a 


421 SPADNS OH i. 
AN N=N —< SO;Na 
Na038“ ““\7\ gona 


<a aa 


43 | Sulpharsa- N=N—NH — 
sene (plu- 


mbone) H 203A 


44) Sulphonazo 


poostl 
OH NH 
Pm {_ 2 
[\=7 OH 


SO, 
lL ~>—OH OH NH 
— 2 
N=N—4\/\ 
Hoss” \/\A\ gon 
45 | Sulphosali- HOS COOH 
Cylic acid my \Z 
\A Nou 






46 Thiourea 
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Table 28 (continued) 


ce 


Ions bein Conditions of 
Concentration Antermined determination Change in colour 


a 


pH 4.5-2.5; HNO3 | Red-pink— 











0.4% aqueous | Zr!¥ 
solution . orange-red 
0.02% aqueous Thy pH 2.5-3.5; HNO3 Violet-blue— 
solution purple-red 


ee ee a 


H 9.8-410 in the Orange-pink— 


0.05% aqueous} Pb** p 
solution with presence of tarta- lemon yellow 
an addition ric acid and am- 
of 1-2 drops monia 
of 5% ammo-| Zn** pH 9.3-9.6 in the | ditto 
nia solution © presence of tarta- 
ric acid and am- 
monia 
0.02% aqueous| Sct pH 95 Blue—violet- 
solution pin 
In3+ Blue-violet— 
violet-pink 
5% aqueous | Fe3+ pH 2-3; acetate bu- Red—yellow 
solution ffer, hot solution 


H 1.5-2.0; HNO3 Yellow—colour- 
less 


‘ or HClO, 


Aqueous solu- | Bi®* 
tion 














No Indicator | Formula 
eeeeNFSFsSs(seseseseseesese 
47) Thoron See Table 49, No. 93 (p. 396) 
(thorin, 
APANS) 
es ees 
48 Thysolph- HOOCH2C, CH2COOH 
thalexone N N 
HOOCH.C”% i | “cHeCcOOH 
H3C CHg 
HO cn HC | Oo 
( HsC CH; | 
H 0% \/ WA \7Nou 
4 
1 
Jr /S00H 


HOS” S/\go,H 


ee eeeeessa—(‘“‘“‘“‘i_i a‘ 


50} Variamine — 
Blue B CH;0 ~< S- NH—¢ S— NH, -HCI 


— 





Concentration 





' Aqueous solu- 
tion 


ee 
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Table 28 (continued) 








ee ined Pe ane Change in colour 
Bis+ H 2-3; HNO3 Red—yellow 
Thi’ pH 1-3; HNOs Violet—yellow 
ur pH 1-1.8; 30°C Red-orange— 
orange-yellow 


2 ee ee 


0.59% aqueous 
solution or 
solid mixtu- 
re with 
KNOs; in the 
ratio of 
1:100 









2% aqueous 
Solution 


1% aqueous 
solution 


— 
SS 


pH 40-41; NaOH or Blue—gray or 


Ba2+, Sr?* 
NH3 colourless 
Ca2+ pH 10.5-12; NaOH 
or NH3 
Mn?2* pH 10-11; NHs3, Blue—colour- 
less 


NaOH 


Blue—colour- 
less 





H 2-3; acetate bu- 


Fest : 
ffer, hot solution 


Blue violet— 


Fe%+ pH 1.7 3 nigellow : 
oe at ; in the pre- iolet—colour- 
aainale oo of traces of less 
Fe(CN)s~ an 
Fe(CN)3~. 
Al3+, Pb?+, | Back titration with 
zrt¥ a zinc salt solu- 


tion 
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a 


wo| Indicator | Formula 
51| Xylenol HOOCH,C. /CHCOoH 
orange N--CH H,.C—N 
HOOCH,C” . . \cH,COOH 
os, aN $F° 
H,C% VY al \A NCH3 
| 
7 


ie Rees tc eee 


52| Zincon /\_/C00H HO 


My 
| , \4 | 
\7\n 


HN A) \s03H 
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0.5% solution | BiS+ pH 1-3; HNOs Red—yellow 
in ethanol | ThtY pH 1.7-3.5; HNOs 
zrlV HNO;; 1M, 90°C 
Sc3+ pH 2.2-5 
In$+ pH 3-3.5; acetate 
buffer, hot solution 
Hg?2+, TIS* a 4-5; acetate bu- 
er 
Cd2+, Fe2+ | pH 5-6; urotropine 
buffer 
Co2+ pH 5-6; urotropine | Red-violet— 
puffer, 80 °C yellow 
RES+ H 5-6; urotropine Red—yellow 
buffer, hot solu- 
tion 
Ph? pH 5; acetate puffer 
or pH 6; urotro- 
pine buffer 
Zn** pH _ 5-6; acetate bu- 
ffer; pH_ 7; urotro- 
pine butler 
Fest pH 1.5; in the pre- | Blue-violet— 
sence of Fe?+, CO2 yellow 
atmosphere, 60 °C 
Al3+, ) 
Fest, 
Ga3t, : 
Ni2+, Back titration with 
Pd?2+, a thorium (IV) salt 
gpl ¥ solution 
uly, 
| vot 
0.130 g of the | Ca2+, Get”»| pH, 9-10; hack Titi: 
indicator and| Co?*, tion with a zinc 
2 ml of 1M Cu2+ salt solution 
NaOH solu- Fes+, 
tion in In*t, 
om ml of Mn?*, 
er + 
me pH 9-40; ammonia Blue—yellow 


puffer 


Se ee ee 
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Table 30 


Preparation of Buffer Solutions 
(pH ranging from 1.10 to 12.90; ¢= 20 °C) 


Stock solutions 


eae No. 4: hydrochloric acid, 0.14. 

olution No. 2: glycocoll NH,CH,COOH (aminoacetic acid, glycin), 
0.14N (7.507 g of glycocoll + 5.85 g of NaCl in 
one litre). 

potassium hydrophthalate, KHC,H,0, 0-2M 
(40.846 g in one litre). 

sodium citrate, 0.1! (21.014 g of H,C,H;0, -H,0+ 

s + 200 ml of 14N NaOH solution in one litre). 
olution No. caustic soda, 0.1N 


Solution No. 3 
4 

Solution No. 3. potassium dehydrophosphate, 4/45M (9.073 ¢ of 
7 
8 


Solution No. 


Petia, KH,PO, in one litre). 
olution No. sodium hydrophosphate, 445M (11.866 g of 
Na, HPO, :2H,9 in one litre). 
sodium tetraborate, 0.05M (12.367 g of HsBOs + 
400 ml of 1V NaOH solution in one litre). 
Chemically pure sodium chloride is recrystallized twice and dried 
‘i a temperature of 420 °C; chemically pure boric acid is recrystallized 
80°C. out of boiling water and drie at a tempe 
t “C; chemically pure potassium dehydrophos 
wice and dried at a temperature of 110-120 °C; ¢ 


hy drophosphate is recrysta S 
ion, the temperature of the solution must not be over 90 °C), then dam- 


ped with water and dried for two days ina thermostat at a temperature 
of 36°C; chemically pure citric acid is recrystallized twice (during 
the last crystallization, the temperatur é } 
60°C); potassium hydrophthalate ig recrystallized twice and dried 
at a temperature of 410-120 °C. 


Solution No. 


A. Buffer Solutions with pH 1.10-3.50 (HC1-NH2CH,COOH) 


b Every given arount of the solution (solution No. 2, see above) is 
rought up to 100 ml with solution No. 1 (see above) 











pu 
4 l 

















wnt 100 © 

en Go COC? COM WS 
OOnNmoOor- 
onNnnNorFr- 
mewwnwmhko- 
OOnmnow 
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Table 30 (continued) 
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C. Buffer Solutions with pH 2.20-3.80 (HCI-KHCsH,0,) 
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Table 30 (continued) 

















pt | o | 1 2 efafs |e] 

———— st dT 
8 | 53.00} 52.38) 54.76] 51.14] 50.52] 49. 36 4| 47. 
9 | 46.80) 46.20) 45.60) 45.00] 44:40] 4380] 43201 42 Gol 49 O0l 41 

3.0 | 40.80) 40,22] 39.64] 39.06] 38.48 37.9 
1 | 35.00} 34.44] 33.88] 33.39] 3978 32.2 
2 | 29.60) 29.08] 28 56] 28 04/27 |54 27 .04] 26.54} 26.04] 25.56] 25.08 
3 | 24.60) 24.12) 23 64] 2316] 99 "68 22.20) 21.72] 21.26] 20.80] 20.34 
4 | 19.90) 19.46) 19 02) 18 58] 1846 17.74) 17.32] 16.90] 16.50] 16.10 
9 | 15.70) 15.30) 14.90] 1459] 1446 13.80} 13.44] 13.08] 12.72] 12.36 
6 | 12.00) 11.66] 14.32] 10.98] 10 64 10.30) 9.96] 9.62] 9.28] 8.94 
z 8.60) 8.26! 7.92! 7.58] 7194 6.90} 6.58! 6.26] 5.94] 5.62 


D. Buller Solutions with pH 4.00-6.20 (NaQH-KHC.H,0,) 


50.0 ml of solution No. 3 (see p, 253) j t 
of the solution (solution No sm ) is added to every given amoun 
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Table 80 (continued) 


E. Buffer Solutions with pH 4.96-6.69 (NaOQH-NaH.C,H;0;) 
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Every given amount of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with solution No. 4 (ibid) 





F. Buffer Solutions with pH 4.80-8.00 (KH2P0,-NagHPO,) 
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Every given amount of the solution (solution No. 7 


brought up to 100 ml with solution No. 6 (ibid) 
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Table 30 (continued) 
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G. Buffer Solutions with pH 7.71-9.23 (NaoB,07-HCl) 


(solution No. 8, p. 253) }8 
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Table 30 (continued) 





H. Buffer Solutions with pH 9.23-11.02 (Na,B,07-NaOH) 
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Every given amount of the solution (solution No. 95, P. 253) is 


brought up to 100 ml with solution No. 8 (iid) 
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Table 30 (continued) 


I. Buffer Solutions with pH 8.53-12.90 (NH,CH,COOH-NaOH) 


Every given amount of the solution (solution No. 5, p. 253) is 


brought up to 100 ml with solution No. °2 (ibid) 
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Table 30 (continued) 
































0 i 2 3 4 5 6 7 8 9 
O 154.45] 54.6 | 54.75] 54.85] 55.0 | 55.15) 55.25) 55.4 | 55.55) 55.65 
1 }55.8 |55.95) 56.1 | 56.3 | 56.45) 56.6 | 56.75) 56.9 | 57.4 [57.25 
2 157.4 157.6 | 57.8 | 58.0 |58.2 | 58.4 | 58.6 | 58.8 | 59.0 | 59.2 
3 159.4 159.65) 59.9 | 60.1 | 60.35) 60.6 | 60.85] 61.14 | 641.3 | 61.55 
4 161.8 |62.2 |62.5 | 62.9 | 63.2 | 63.6 .O |64.3 |64.7 | 65.0 
5 165.4 |65.9 |66.3 | 66.8 | 67.2 | 67.7 | 68.2 | 68.6 | 69.1 | 69.5 
6 |70.0 | 70.5 | 71.0 | 74.5 | 72.0 | 72.5 | 73.0 | 73.5 | 74.0 | 74.5 
7 175.0 | 75.6 | 76.2 | 76.8 |77.4 | 78.0 | 78.6 | 79.2 | 79.8 | 80.4 
ao'5 81.6 |82.3 | 83.1 | 84.0 | 84.9 | 85.8 | 86.7 | 87.7 | 88.8 

90. 
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Table 31 


Acetic-Acetate Buffer Solutions 


To prepare a buffer solution of the required pH value, the given 
amount of 1N acetic acid solution is measured, 50 ml of 1N caustic 


soda solution is added to it, and the mixture is brought up to 500 ml 
with distilled water. 

















Acetic Acetic Acctic 

pH acid, 1N, | pH acid, 1N, | pli acid, 1N, 
ml ml ml 

l 

3.8 421.5 4.67 100.0 5.5 57.4 
3.9 345.1 4.7 96.8 5.6 59. 
4.0 284 .4 4.8 87.2 9.7 54.7 
4.1 236.2 4.9 79.5 5.8 53.7 
4.2 197.9 9.0 73.4 5.9 53.0 
4.3 167.4 5.1 68.6 6.0 52.3 
4.4 143.3 9.2 64.8 6.1 51.9 
4.5 124.1 9:3 61.7 6.2 51.5 
4.6 108.9 5.4 09.3 6.3 51.2 
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Table 32 


Universal Buffer Mixture 


A mixture of phosphoric, acetic and boric acids (0.04M, respectiv- 
ely) is prepared. To obtain a buffer solution of the required pH value, 
the given amount of 0.2NV NaOH solution is poured into 100 ml of the 
mixture. 











S o o Ss 
ee] = ee) iS 
° fs) ° = ‘ 
ZE = SE = SE ct SE 5 
eR | S | 2s | Sf ee) Sh 
0 1.81 25.0 4.410!) 50.0 6.80 || 75.0 9.62 
2.5 1.89 || 27.5 4.35] 52.5 7.00 || 77.5 9.91 
5.0 1.98 || 30.0 4.56 |} 55.0 7.24 80.0 | 10.38 
7.5 2.09 |} 32.5 4.78 | 57.5 7.54 || 82.5 | 10.88 
10.0 2.21 35.0 5.02 || 60.0 7.96 | 85.0 | 11.20 
12.5 2.36 || 37.5 5.33 || 62.5 8.36 || 87.5 | 11.40 
15.0 2.56 || 40.0 5.72] 65.0 8.69 || 90.0 | 11.58 
17.5 2.87 || 42.5 6.09 | 67.5 8.95 || 92.5 | 11.70 
20.0 3.29 || 45.0 6.37 | 70.0 9.15 | 95.0 | 11.82 
22.5 3.78 || 47.5 6.59 | 72.5 9.37 | 100.0 | 11.98 
mn Oe eee ee —————E ee 
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Table 33 


Buffer Solutions from Individual Substances 





Substance pH 





Saturated potassium hydrotartrate solution 
(~0.025M@) KHC,H,0, (molecular weight: 


188.183) 3.59 (16°C) 
Saturated piperazine phosphate* solution 6.36 (16 °C) 
(~0.065M) CyHyN,HPO,-H,O (molecular 
weight: 202.148) 6.34 (18°C) 
0.05M sodium tetraborate solution Na,B,O- x | 9.18 (25 “C) 
X 10H,O (molecular weight: 384.37) 9.07 (38°C) 





* Piperazine phosphate is prepared by mixing, at room temperature, 
equimolecular quantities of piperazine and phosphoric acid with the subse- 
quent crystallization of separated white lamellar crystals. 
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Table 34 


Determination of Electrode Potentials 


For the reaction 
Met -++ ne = Me®, 


the mathematical expression of the potential value of the metallic 
electrode immersed into a solution containing its ions is determined 
by the formula: 

RT 


E __ Fo we, ine 
Me™*/Me? Me"™t Meo | nF he 


ett 
For an oxidation-reduction reaction with the participation of 


hydrogen ions 
a Ox. -+-m H+-+nexb Red. H:0 
the potential value of an electrode from platinum or other noble 


petal immersed into a solution of a mixture of oxidized and reduced 
orms of a given compound is determined by the formula: 





RT, 0x. gm 
ie ° 
Eox.jrea. = Hbx./Red. tp BG Ot 
“Red. 


If hydrogen ions do not participate in the given reaction, the 
€xpression assumes the following form: 


RT , 6x. 
Eox. rea. = 2bx.sned. +R i. 
ed. 


In all these formulas 
E = electrode potential 
F° = constant value which is characteristic of 
em given reaction (standard electrode poten- 
tial) 
R = gas constant 
7 = absolute temperature 
n = number of electrons participating in the 
reaction 
7 =: Faraday’s constant (96 500 coulombs) 
activities of the components participating 


in the reaction 
a, b, m= stoichiometric coefficients of the compon- 


onts participating in the reaction. 
es going over from naturel to common logarithms, we obtain 
n == 1) 


a 
Me™; 2px 5 GRed.s TH+ 


_—_ 
_— 


a® 
Ox. 
Eos moa. == hx.snea. + PI? = ayy+ 


“Red. 
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Table 34 (continued) 


The values of O, equal to 0.0591 -+- 0.0002 (¢ : 25 Phy ee given 
in Table 34,4, for temperatures ranging from 0°C to Ms 


When ¢@ox,, @peq. and ay+ or Ayzont+ are equal to unity 
E = £E° 


i le potential. 
In accepted usage, E° is called the standard electrod _ 
he oxidation-reduction system is represented as a reduction reaction 


Ox. + ne Red. or Ment -+- ne + Mel 


d 

The potential of a single isolated electrode cannot be measured, 
and therefore the electromotive force (emf of an electrochemical | 
consisting of two half-cells is measure ; the value of the emf ? mee 
to the difference of the electrode potentials of the two half-ce ae 
If electrochemical cells are always formed with the same paried p 
whose potential remains constant and with various other pce 
then upon measuring the emf, the value of the electrode a = 
of the oxidation-reduction systems can be found relative to the po eo 4 
tial of the selected electrode, which in the given case serves as a re 
ence electrode (Eres). 


he standard as n electrode (SHE) is used as a reference 


ng ay+ = 1 ({N H.SO, solution) at a pres- 


gas equal to 1 atm. The potential o a 
standard hydrogen electrode (ei t+/H) is conventionally taken as ze 
at any temperature, 


The standard potentials (£°) of various oxidation-reduction 
(redox) systems relative to the i 


electrodes in question (provi 


when they form a galvanic cell with a standard hydrogen cece 
A minus (—) sign of the potential value indicates that the spon 


neous reaction occurring at the electrode in question is the oxidation 
of the reduced form of t] 


1@ redox couple, and a plus (--) sign, the 
reduction of the oxidized form. put 

it is easier to work not with a hydrogen electrode, bu 
with other reference electrodes whose potentials are constant an 
determined relati 


€ most commonly used reference elec- 
trodes. 


When calculating the electrode potential of a redox system (Ex) 
according to the result of the 


measurement of the emf of the galvenls 
cell in which the second electrode is one of the reference electrodes 
(see Table 34,B, Pp. 268), ace 


ount must be taken of the sign of the 


erectrode being examined. When the spontaneous reaction at the 
electrode in question is oxidati 


; on (i.¢., when the electrode potential 
as a negative sign), then 


emf = E reg aad E. 
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Table 34 (continued) 
or, conversely, when this reaction is reduction, then 
emf = £, — Ereg 
Hence, in the first case, 
Ex, = Eyer — emf 
and in the second, 
E, = Eree + emf 


For example, the measured emf of a galvanic cell consisting of 
a saturated reference calomel electrode (Zgat.cr. = 0.247 V, see 
Table 35,B, p. 271) and a zinc electrode immersed in a solution (in 
Which azn2, = 1) bes an absolute value of 1.007 V. Since, in such 


a galvanic cell, the spontaneous reaction is the oxidation of metallic 


zinc (“—" sign): 
Zn| — 2e + Zu** 
consequently: 
= — = —0.760 V 
EY, .9+/2n = Eret — emf = 0.247 — 1.007 0.760 


If an electrochemical tell consists of a saturated reference calomel 
electrode and a platinum electrode immersed into an iron salt solu- 
tion having apes+ = @re2+ = 1s then the emf value of this cell is 


+0.524 V. Since the spontaneous reaction at the electrode being 
considered is reduction (“+-” sign), iron (III) is reduced to iron (II): 


Fest -+- e = Fe** 
then 
EF re3+/Fe2+ = Ere + omf 
A. Values of @ at n =1 and Temperatures Ranging from 0 
(8 = 0.00019837 = 0.0591 +- 0.0002 (t — 25°C) 


— 0.247 + 0.524 = 0.771 V 
°C to 50 °C 





0.0557 | 74586) 16 | 0.0573| 75 845 
0.0544) 73 320 | 6 | 0.0559| 74 744] 17 | 0.0575 | 75 967 
0-054) 73.640) 10 | 0-0808) Te OFF) tJ 0:0579| 76 268 
pee lB (1.0563 | 

0.0547] 73 790 i 0 508| 78 208 | 20 | 0.0581 | 76 418 


0.0549) 73 9 | 58° 
eH aH META ROR CA Eade Reet stat 


0.055 “0569 | 75 Sid 
0.0553] 74273] 14 | 0.0509) Fe ee, | 23, | 0.0587 | 76 864 


NSOcidy Core CO 


Table 34 (continued) 


























Tem- Tem- 
era- pera- r? 
log 0 Fave. 0 log? | ture. 0 log 
C as | °C 
. {| 


77 012) 33 | 0.0607] 78 319]) 42 | 0.0625] 79 588 
77159 | 34 | 0.0609] 78 462} 43 | 0.0627] 79 727 
77 305 | 35 | 0.0611] 78 604} 44 | 0.0629] 79 865 
77 452!) 36 | 0.0613] 78746) 45 0.0631] 80 003 
17 997 || 37 | 0.0615] 78 888] 46 | 0.0633} 80 140 
77743) 38 | 0.0617|79029|} 47 | 0.0635 80 277 
77 887), 39 | 0.0619] 79 169] 48 | 0.0637] 80 414 
78 032 | 40 | 0.0621] 79309] 49 | 0.0639] 80 550 
78176) 41 | 0.0623] 79 449]| 50 | 0.0641] 80 686 





B. Composition and Potential of Selected Reference Electrodes 
Relative to the Standard Hydrogen Electrode (at 20 °C) 


Standard hydrogen | Platinized platinum plate 0.000 
electrode (SHB) in 147 H,SO, solution, 
Pt, H, | H*| saturated with H, under 
& pressure of 1 atm 
Mercuriodide electrode | Metallic mercury, 4.2 g of| -+0.02 
(MIE) KI and 1.3 g of Hgl, in 
Hg | HglI,, KI, KCl | 100 ml of sitarated KCl 
solution 
Chlorosilver electrode Metallic silver, coated with 
CSE a layer of AgCl, in an 
Ag | AgCl, Cl-| HCl or KCl solution hav- 
ing the following concen- 
r : 
trations — +.0,290 
1.0N +0237 
Calomel electrodes (CE) | Metallic mercury, paste of 
Hg | Hg,Cl,, KCI | metallic mercury and 
HgCl, in a KCl solution 
having the following con- 


centrations: 
0.4 (0.4 SCE) 0.4 0.337 
1.0 (SCE) 1.0N 0.288 
3.5 (3.5 SCE) 35 +-0.250 
Saturated electrode | Saturated ss aaa 
yoat-CE) 682 
€rcurosulphate elec- Metallic mercury, paste of} -+0.6 
trode (MSE) metallic ur and 
He | He,80” H,S0 li mercury 


al | Hg,SO, in 2N H,SO, solu- 
SS a a ee tion - 





a 


_———- 
(the ————————, 
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Table 35 


Electrometric Determination of pH 


The hydrogen ion exponent pH = —log aq+. In the electrometric 
etermination of the pH, the emf of one of the following cells is 


measured, . 
(1) Indicator electrode: hydrogen electrode; reference electrode: 


SHE*. Then, 
FE on34+/H2 = 0 log ant = —tpH 
then 
emf 
~ 
(2) Indicator electrode: hydrogen electrode; reference electrode: 
one of the calomel electrodes (CE). Then, 
emf = Eop — FonsHs 
hence, 
emf = Egp + pH 
and 
—E 
oe emf 5 CE 
(3) Indicator electrode: quinhydrone electrode; reference electrode: 
SHE. Then, 
emf = EZ ouin.snydr. ESHE 


=o —%t pH 
Equin./hydr. on ESuin./hydr. +0 log a+ quin./hydr. Pp 


hence, 
emf = ouin,;nydr. — 6 pH — EsuE 


Since Egyp = 0, then 
H= EQuin./bydr. —emf 
= o 
, (4) Indicator electrode: quinhydrone; reference electrode: CE. 
en, 
emf = £9 in. myar.— “cE 


hence 


emf = Eeuin.nydr. --$ pH—Ecr 


* Standard hydrogen electrode. 
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Table 35 (continued) 
and 


pH = etuin./hydr. —Ecr—emfi 


The values of Equinnyar.» Ecp and E%.., — Ecg at 


dr. 

different temperatures are given in Table 35,A ey 570), 35,B (p. 271) 
and 35,C (p. 272). 

When the oe is being found by methods (3) and (4), account must 

be taken of what was said on p. 266. As the pH value increases, the 

quin./hydr. Potential decreases. The latter can decrease by so much 

that the spontaneous reaction at the quinhydrone electrode will be 

the oxidation of hydroquinone into quinone (“—” sign). Then, the 


calculating formulas ch i : 
_ oatheg 3): change accordingly: 


ate ESHE —quin.myar, an (fQuin./hydr. —@ pH) = 


=% pH— £9 


quin./hydr. 
pH = emf + eouin./hydr. 


for method (4): 
emf = ~ce—Equin.myar. = =ce— (ZGuin./nyar, ~~ 9 PH) = 
= Ecy + pH — £2 


guin./hydr. 
0 - 
H _ om + Eouin yar, —Ecr 


0 


A. Standard Quinhydrone Electr i 

ode Potential (° ) 
at Temperatures Ranging from 0 °C to 50 °C, #° Siena 
= 0.7175 —0.00074¢, V en 








era. 4 rem Tem 

pera- E r 0 em- 0 

ture, quin./hydr,» pera- E uin./b pera- E n./hydr.’ 
= ty quin./hydr,? ure, qui y 


°C 


-) 
< 
4 
bid 
e 
o 
QO 


0 0.7175 9 0 

' .7108 18 0.7042 
: 0.7168 10 0.7104 19 0.7034 
; 0.7160 11 0.7094 20 0.7027 
; .7153 12 0.7086 21 0.7020 
Ss ae 13 0.7079 22 0.7012 
6 gies 14 0.7071 23 0.7005 
- aceaee 15 0.7064 24 0.6997 
8 ean 16 0.7057 25 0.6990 

:7116 17 0.7049 26 0.6983 
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Table 35 (continued) 








— 0 Tem- 0 Tem- 0 
pera- | Equin,fhydr.» |) Rera- | Equinfhydr.” | Pive, Equin,/hydr.? 
°C v °C ; ¥ °C ¥ 





B. Potentials of Calomel Electrodes at Temperatures Ranging from 
0°C to 50 °C 
Ey gop = 0+3365— 0.00006 (25—t) V 
Egy = 0.2828 — 0.00024 (25—t) V 


Egat cy = 0.2438 — 0.00065 (25—#) V 


Potential, V 





Tem- Potential, V Tem- 

pera- pera- 

ture, ture, 

be Eo ssce| ESCE | Bsat.ce °C By 1sce| ESCE | Psat.ce 
0 | 0.3380 | 0.2888 | 0.2601 | 19 | 0.3369 0.2842 | 0.2477 
4 | 0.3379 | 0.2886 | 0.2594 | 20 | 0.3368 0.2840 | 0.2474 
2 | 0.3379 | 0.2883 | 0.2588 | 21 | 0.3367 0.2838 | 0.2464 
3 | 03378 | 0.2881 | 0.2581 || 22 | 0.3367 0.2835 | 0.2458 
4 | 03378 | 0.2878 | 0.2575 || 23 | 0.3366 | 0.2833 0.2454 
5 | 0.3377 | 0.2876 | 0.2568 | 24 | 0.3366 0.2830 | 0.2445 
6 | 03376 | 0.2874 | 0.2562 || 25 | 0.3365 | 0.2828 | 0.2438 
7 03376 | 0.2871 | 0.2555 || 26 | 0.3364 | 0.2826 0.2431 
8 | 0'3375 | 0.2869 | 0.2549 || 27 | 0.3364 | 0.2823 | 0.2425 
9 0'3375 | 0.2866 | 0.2542 | 28 | 0.3363 0.2821 | 0.2418 
10 | 0°3374 | 0.2864 | 0.2536 | 29 | 0.3363 | 0.2818 | 0.2412 
11 | 9'3373 | 0.2862 | 0.2529 | 30 | 0.3362 | 0.2816 0.2405 
12 | 9/3373 | 0.2859 | 0.2523} 31 | 0.3364 0.2814 | 0.2399 
13 | 9/3372 | 0.2857 | 0.2516 | 32 | 0.3364 0.28114 | 0.2593 
14 | 0°3372 | 0.2854 | 0.2510} 33 | 0.3360 | 0.2809 | 0.2386 
15 | 0'3374 | 0.2852 | 0.2503 | 34 | 0.3360 | 0.2806 0.2379 
16 | 0'3370 | 0.2850 | 0.2497 || 35 | 0.3359 | 0.2804 | 0.2373 
17 | 03370 | 0.2847 | 0.2490 | 36 | 0.3358 | 0.2802 | 0.2366 
18 | 9°3369 | 0.2845 | 0.2483 | 37 | 0.3358 | 0.2799 | 0.2360 


— nn EE a eee a ea re 












Fo.1sce| Escr | Bsat.cn 


ture, 

°C 

38 0.3357 
39 0.3357 
40) 0.3356 
41 0.3355 
42 0.3355 
43 0.3354 
44 0.3354 

C. Differen 


Potential ( 
Calomel Ele 
to 50 °C (He 


0.2797 
0.2794 
0.2792 
0.2790 
0.2787 
0.2785 
0.2782 





Potential, V 


0.2353 | 


0.2347 
0.2340 
0.2334 
0.2327 
0.2321 
0.2314 


ce between the Standard 


Equin.myar.) and the Pot 
ctrodes (Z 





| Tem- 
pera- 


ture, 
“i 





Table 35 (continued) 


Potential, V 





Bo.18c | FPscr |Esat.cr 


0.3353 
0.3352 
0.3352 
0.3351 
0.3351 
0.3350 


0.2780 
0.2778 
0.2775 
0.2773 
0,2:70 
0.2768 


Quinhydrone Electrode 
entials of the Reference 


cr) at Temperatures Ranging from 0 °C 


0.2305 
0.2301 
0.2295 
0.2288 
0.2252 
0.2275 


Equin./hydr. es 
— Esce 


con Ocktcro so | Temperature, 





quin./hydr. — Ec) 
> 
$2 5 5 2 
a § as 
ont 328 a2 a 
| | & 
0.3795 0.4287 0.4575 26 
0.3788 0.4289 0.4574 27 
0.3781 0.4277 0.4573 28 
0.3775 0.4272 0.4572 29 
0.3768 0.4267 | 0 4571 30 
0.3761 0.4262 | 0 4570 3t 
0.3754 0.4257 0.4569 ae 
0.3747 0.4252 0.4568 33 
0.3741 0.4247 0.4567 34 
0.3734 0.42492 0.4566 35 
0.3727 0) .4237 0.4566 36 
0.3720 0.4239 0.4565 37 
0.3713 0.4227 0.4564 38 
0.3707 0.4299 0.4563 39 
0.3700 0.4217 0.4562 40 
0.3693 0.4219 0.4561 41 
0.3686 0.4207 0.4560 42 
0.3679 0.4202 0.4559 43 
0.3673 0.4197 0.4558 44 
0.3666 0.4192 0.4557 45 
0.3659 0.4187 0.4557 46 
0.3652 0.4182 0.4556 47 
0.3645 0.4177 0.4555 48 
ete yee 0.4554 49 
‘ 416 
0.3625 0.4169 Odes a 





Equin./hydr. - 
— £0 1 SCE 


0.3618 
0.3614 
0.3605 
0.3598 
0.3591 
0.3584 
0.3577 
0.3571 
0.3564 
0.3557 
0.5550 
0.3543 
0.3537 
0.3530 
0.3523 
0.3516 
0.3509 
0.3503 
0.3496 
0.3489 
0.3482 
0.3475 
0.3469 
0.3462 
0.3455 





0.4157 
0.4152 
0.4147 
0.4142 
0.4137 
0.4132 
0.4127 
0.4122 
0.4117 
0.4112 
0.4107 
0.4102 
0.4097 
0.4092 
0.4087 
0.4082 
0.4077 
0.4072 
0.4067 
0.4062 
0.4057 
0.4052 
0.4047 
0.4042 
0.4037 






0.4551 
0.4550 
0, 4549 
0 4548 
04548 
0.4547 
0, 4546 
0.4545 
0.4544 
0.4543 
0.4542 
0.4541 
0.4540 
0.4539 
0.4539 
0.4538 
0.4537 
0.4536 
0.4535 
0.4534 
(), 4533 
0.4532 
0.4531 
0.4530 
0.4530 
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Table 36 


Change of pH in Precipitation of Metal 
Hydroxides (Approximate Values with Account Taken of the 
Formation of Hydroxocomplexes)* 





pH values 








ee inh complete 
beginning of preci- a beginning of 
pitation with the | PreclPtS- | dissolution | complete 
Hydroxide | initial concentration dual con- | Of the preci- | dissolu- 
of the ion being centration | Pitate (preci-| tion of 
precipitated equal to heing less pitation cea- | the pre- 


ses to be cipitate 
Scientia billige aaa { pay # ) complete) 
im =| 0.01M 
GOOG ee a aE 


Sn(OH), 0 0.5 { 13 15 
TiO(OH), 0 0.5 2.0 - — 
Sn(OH), 0.9 24 4.7 10 13.5 
ZrO(OH), 1.3 2.25 3.75 = was 
HgO 1.3 2.4 5.0 11.5 = 
Fe(OH), 1.5 25 41 14 a 
Al(OH), 3.3 4.0 5.2 7.8 10.8 
Cr(OH), 4.0 4.9 6.8 12 15 
Be(OH), 5.2 6.2 8.8 zou Me 
Zn(OH), 5.4 6.4 8.0 10.5 12-13 
Ag,O 6.2 8.2 44.2 42.7 one 
Fe(OH), 6.5 7.5 9.7 43.5 = 
Co(OH), 6.6 7.6 9.2 14.4 pal 
Ni(OH), 6.7 72 9.5 i aE 
Cd(OH), 7.2 8.2 9.7 _ + 
Mn(OH), 7.8 8.8 10.4 14 a 
Mg(OH), 9.4 10.4 12.4 os as 


* It should be noted that when hydroxides are being precipitated by an 
addition of an alkaline solution to a corresponding salt solution, a Jocal 
growth in the pH value. and the precipitate amount occur in places where 
the precipitant drops fall. Upon stirring, a back dissolution of the precipi- 
tate formed does not, often, take — _— Table a. a various values of 

80 cts 0 roxides durin recip 
Milne produ y & preci} on and after some 


18—jg45 
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Table 38 


Dissociation Constants of Complex Ions 


The subscripts of K denote the number of groups of a ligand of 
a central atom of a complex which is dissociated by one step, for 
example, for Fe®* complexes with chloride ions: 


__ [Fe+] (Cl-] , x, —(Pecl®*1 (C171 | 
ee TFeCl2+] a TReCHi] 
- _ [FeCl¢}{Cl-] , _ [FeCls] (C1-] 
Ko="Trecls] ¢ 4 [FeCl] 


Two or more subscripts are written for complete dissociation con- 
stants of complexes with the corresponding number of groups of a 
ligand, for example: 

_ [Fe] (Cl-2 og [FeCl , 
Ky, ~~ [FeCl#] ’ 1, 2,3 {FeCl} ’ 
K __ [Fe3*] [CI-]* 
i,2,3.4— [FeCl;] 

_ Evidently, Ky,2 = K,-Keo; Ki.23 = Ky+Ka°K3, ete. The table 
gives their indices, and not the constants themselves, i.e., the loga- 
rithms of the constants taken with an inverse sign: 

pK, = —log Ky; pk, = —log Ky; PA1,2 = —log Ay,2, etc. 


The indices of only complete dissociation constants are given; 


however, it follows from the above that the indices of the constants 


of separate dissociation steps can easily be found by the differences: 


pK, = pKy,. —PpAi; PKs = PA12.3 — PAy,2, etc. 
All data are given at temperatures of 20-30°C. 


PH) 2.3,4,5 
PK 9,3,4,5.6 
Ionic strengt 


Central ion 
PKy 93,4 


A. Complexes with Inorganic Ligands 
Complexes with ammonia (NH3) 


Agt 3.32 | 7.24 a — — — 0 
Aut ? 27 — a a — ? 
Au3+ ? ? ? 30 — - ? 
Ca2+ | 954 | 4.47 | 5.77 | 6.56 | 6.26 | 4.56 0 
Co2+ | 4°99 | 3.50 | 4.43 | 5.07 | 5.13 | 4.39 0 
Co3+ | 773 | 414.0 | 20.4 | 25.7 | 30.8 | 35.214 9 
LS ain fare SS ME ae Mei Sonieee | 
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* Neutral Molecules in solution. 





Table 88 (continued) 








- i. 2 5 
s ¢ = = z 
z ea a e oa ea & 
= : z z 7. i < e 
ej ajial|s | & A a | # 
Fi *#] es | & |] & |] & |] & | A 
Cu+ | 5.93 | 10.86 ~ — — = ; 
Cu?+ | 3.99 | 7.33 | 10.06 | 12.03 | 14.43 | 8.9 . 
Fe | 4.4 | 2/9 ? 3.7 = a ; 
Hg | 8.8 117.5 | 148.5 | 19/3 — a 9 
Mg** | 0.23 | 0.08 |—0.34 |—1.04 |—1.99 |—3.29 n 
Mn | 0.8 | 4°3 ? ? ? 9(?) | 2 
Ni?+ | 2.67 | 4.79 | 6.40 | 7.47 | 8.10 | 8.01 : 
Tl+ |—0.9 ~ -— _ = a ? 
T13+ ? ? ? 17 (2) — mes 
Zn*+ | 2.18 | 4.43 | 6.74 | 8.70 | — -- 0 
Bromide complexes (Br-) 
Agt | 4.38*| 7.34 | 8.00] 8.73) — — | x 
Aut >? | 12.46 _ ~ ~ ra ) 
Aus+ ? 2 > =| 34.5 — -- 
Bi™* | 2.26 | 4.45 | 6.33*] 7.84 | 9.42 | 9.52 : 
Cd*+ | 2.23 | 3.00*| 2°83 | 9°93 | *__ _- 
Ce3+ ().38 — — _ on _ iy 
Co*+ |—2.30 — _ — — aks 
Cut 7 ine] — a - — : 
Cu [0.03 | ”> foe |e -e | 2 
Fe*+ | 0.55 | 0.82 = as — — 0.5 
Hg** | 9.05 | 47.33*| 19.74 | 21,00 — = : 
In*+ | 4.20 | 4.78 | 2.48*] 3°33 — - 9 
Ni?+ |—0.42 |—3.24*| > |_g"49 — _ 0 
Pbh*+ | 2.23 | 3.00*| 2.83 | 9/93 — — 
Pd+ | “> ? > 14340 | — — : 
Pt2+ ? ? > | 20-5 - -_ : 
Sn?* | 0.73 | 41.14*| 4.35 me — = : 
SnOH*| 0.70*| ess = - = 3 
nl 0.95 1.01 | 06 |~0.2 — — : 
16.6 | 21.9 5 | 26.2 
voz |—0:20 | > 7), 2, i= | 
én** |—0.8 |—2.2* |-99 |_o5 — = a 
Complezes with hydrazine (NH) 
Cd™* | 2.25 | 2.40 | 2.78 | 3.89 — _ ; 
Nim | 2-76 | 5.20 | 7:35 | 9°50 | 4075 | 44.99 | 0.5 
Zn** | 3.40 | 3.70 | 3°78 3.88 — - ; 
Complezes with hydrozylamine (NH,OH) 
cae Se re Il - | - | 
ee 


Central ion 


Agt 

AlS+ 
AsO+ 
Ba2+ 
Be2+ 
Bi3+ 
Ca2+ 
Cd2+ 
Ces+ 
Ce4+ 
Co2+ 
Cr3+ 
Cu2+ 
Fe2+ 
Fe3+ 
Gat+ 
Hgt 
Hg?+ 
In3+ 
La3+ 
i 

{o2+ 
Mn+ 
Nji2+ 
Ph2+ 
Sb3+ 
Sn?+ 
Sn+ 
Sr?+ 

Th4+ 
fol hg 

T1S+ 

U4+ 

UO3+ 
V3t 

VO2+ 
VO3+ 
Zn2+ 
Zri+ 


pK, 


2.30* 
9.04 


1.46 


—_— 
ae ah 
ole] 


—s 


as 
Or WNMWOWD OOK K ONO & 


Go Minto win woOwWOOHBUOeS 


_—— 
oO 


NOanN co 


os — 
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co 0 Om 
esc 
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— 
Mirt CRP OWNOCOC — 
“oO — 00 Ww 


_— 





PKy 9 


Hydroxocompleres (OH~) 


4.0 
? 
18.73 
? 
15.8 


8.33% 


27 .06 
4.6* 
17.8 

13.68* 
9.77* 
21.17 
a7 


24.70* 
19/8 


5.2 - 
> =| 33.0 
20.60 | 21.2 
15.21 | 15.0 
> =| 35/2 
9.02 |<8.6 
10.5 - 
~ | 99.9 
17.0 | 18.5 

9°67 | 8.56 
30.67* | 
> | 34.3 
21.20 | — 
> =| 98.7 
? =e 
8.3 en 
433 | — 
13.3 - 
36.7% | 38.3 
43 | 
° ? 
32.0 ? 
2 ? 

» | 32.40 
> | 46.2 
13.14 | 14.66 

414.91 | 55.27" 


* Neutral molecules in solution. 
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Table 38 (continued) 


PKy 913,4,5 














PKy .9,3,4,556 
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Table 38 (continued) 


— 

eo a 

te] = cf 
- - — 
< = = 
~ 

va e wn 
e a ci >) 
— 

i tg g 
~ 

- 

= = _ 


Hypophosphite Complezres (11,P O07) 


Fe3+ | 2.77 - ff —- |] — | =m fF = 7 
lodate complexes (107) 
Agt 0.63* | 4.90 = _ _ - 0 
Ba*+ 1.14 — ov -_ wa — t) 
Ca2+ 0.89 — _ ~_ — _ 0 
Cut> | 0:82 = = st ne _ 0 
Mg*+ | 0.72 — — _ _ _ 0 
Sr2+ | 0.98 i = - a = 0 
ThY | 2.88 | 4.79 | 745 | — — 0.5 
Tl+ 0.50%}; — ai a Sci 0 
Jodide complexes (I-) 

Age 6.58 11.74 | 13,68 | 13.10 7 = 0 

: ? 14.95 | 16.80 9.4 0 
Cd** | 2:28 | 3.92*! 5.00 | gio | oo | Lo 
Cut ? 8.85 — i _ = 0 
Fes+ 1.88 ? ? _ < _ 0) 
Hg** | 12.87 | 23.82* | 27.60 | 29 33 a — 0.9 
In°*+ | 1.64 | 2.56 | 2 4g*| — a 0.7 
Ph*+ | 4.26 | 2.80*] 3742 | 3 99 ms — I 
Tl+ 1.41*] 1.82 | 92/9 1.6 a — ? 
Ti** | 11.41 | 20.88 | 27 g0*] 3190 _ — 0 
n** |—2.9 |—1.6* |-4.7 |“9'3 - _ 4.5 

Carbonate compleres* * (CO2-) 
Ca2+ 3.2* _ _ _ 0 
Cu2+ | 6.0* | 10.9 si i = am 0 
a. 3.40 pee sl _ _ ioe 0 
UO} ? 14.6 18.3 - ie ae 0) 
fs . = 
ee ‘elirale Sompiaees (NO>Z) i 
Ba?+ | 0.99 as a _ ays oa 0 
Bi3+ 1.26 = = 7 — = 0.4 
Ca*+ | 0.98 = is a Sie 0 
Cd*+ | 0.40 ee = cy = a 0 
Ce | 4:04 | 4 54 _ = a 2 
Fe*+ | 1.0 he i = — ai 0 
* Neutral molecules in 7 
* * soluti 

pectively, iy CAHCOs)y and Mg(HCO3)s, PK1 is equal to 1.26 and 1.16, Tes- 













a c 2 ci ei 3 
7 = ~_ = os — = 
= a I = a a S 
= | @ | me | @ fF Se 
0.92 ay 1.89 | 2.08*] 2.08 | 1.81 4 
0.08 |—0.24* ane me _ -- 0.5 
0.35 |~0* a ats ae — ? 
0.26 a _ _ = — 1 
1.48 a Ls m wa a 0 
0.54 ~ on ia - aa 1 
O82 = on _ = _ 0 
0.78 1.41 1.00 | 0.74*} — “ - 
0.33%; — ae al = - 0 
0.92 i ot aon a 7 0.6 
0.36 | 0.47 | 0.42 | 0.18%] — ag : 
1.4* |—1.4* |—0.5 -- = - i ie 
0.34 | 0.41 |—0.26 }—0.82*|~—1.51~—1-7 1 ® 
Nitrite complexes (NO3) 
1.88*| 2.83 | — - — oa : 
1.80 | 3.01* |] 3.81 3.4 — ne é 
1.26 1.56* | 1.16 — = 7 ~ 
? ? ? 13.54 _ ; 
Perchlorate complexes (C107) ‘ 
1.91 -_ _ =" — — 0 
1.15 bears a fa — = _ ? 
—0.05 = _ wa — 
Pyrophosphate complexes (P2077) » 
4.64 | — — —-|/-{]2]? 
5.00 _ ai m — a 3 5 
5.6 4.18 = — = 7 0 
4.0 — — — = a ? 
? 26.72 — —_ oan _ ? 
5.20 | 10.30 | — -- — a ? 
5.55 same _ - pe 0 
2.3 Ss a i ~ { 
2.39 |  — —~ | — | = | = | 0.02 
a 3s eet be es oe eee 
2.22 Sa = aa sa re 0.4 
82 | 7.49 ” — sie 





*N 
“utral molecules in solution. 
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Table 38 (continued) 
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Table 38 (continued) 























™ s 
2 % e 
=] ¢] ¢|& 
£ c “i ot “a + g 
8{ 2/8 |e] ef] f |e ] ez 
eatum lea |i. tl« tla | a 
Pb? | 14.24 | 16.5 — - — = ; 
Sn2+ | 14 _ _ — = = 
Sr#+ 4.66 -- — - — ons } 
Tl+ 1.69 1.9 — — oe = 9 
Zn2+ 8.7 11.0 “= — asm = 
Pyrophosphate complexes (HP,03-) 
Cu2* | 6.4 | 10.0 ~ — : 
Li* 1.03 — — — _ — 0 
Na* 1.52 — — — — ms 
Pyrophosphate compleres (H,P,03-) 
Sn** | 4.48*| 6.08 | — | — | - | ~ | : 
SnOH*| 5.48 7.30 -- — -- =< 
Rhodanide complexes (SCN-) 
Ag+ | 4.75*| 8.23 | 9.45 | 9.67 _ — 
Aut ? 25 — oe _ aod ‘ 
Aust ? ? ? 42.00 | 42.00 42.0% 0 
Bis+ 1.45 2.26 ? 3.41 ? 4.23 04 
Cd?+ 1.74 2.33* |~2 ~3 — ie 9 
Co?+ 3.0 3.0* 2.3 2.2 — oper 0 
Cr3+ 3.08 4.8 9.8* 6.4 9.4 3.5 0 
Cut ? 12.11 9.90 | 10.05 9.59 9.2/ 0 
Cu?+ 2.30 3.65* | 5.19 6.52 -- — 9 
Fe?+ 0.95 ).07* — ane _ — 0 
Fes+ 3.03 4.33 4.63* | 4.53 4.23 3.238 
Hg?+ ? 17.47* | 19.45 | 19.77 -- oa 9 
* 2.58 3.60 4.63% — _- — Fr 
Ni?+ 1.18 1.64* | 4.81 — — rE 9 
Ph2+ 1.09 2.52* ? 0.85 ? —0.30 \ 
Th*+ 1.08 ? 1.78 — -- une { 
TiOH*+| 4.7 an nnn w= = _ . 
Tl+ 0.80* | 0.65 0.2 0) = { 
U4+ 1.49 1.95 2.18 — — — 0 
UO#+ | 0.93 O.91* | 4.35 — — = 0.4 
Zn*+ Pe 2.1* 2.2 3.7 —- a 1.7 
ZnOH+| 2.01* ? | 2.66 — — . 


es 


* Neutral molecules in solution. 
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Table 38 (continued) 


PK, 9 3,4,5,6 


PKs 93,445 
Tonic strength 


Central ion 


Selenate complexes (SeO}-) 

Selenite complexes (SeO3-) 

Cd?+ ? 5.145 | — | o | a | 
? 12.48 — m— =r 

Sulphate complexes (SO}- 


= * 


co 


Cd 2+ | 


nor 
—to 
oN 





| | 


* * * 


NN SNe KE Ow 
* * * 
* 
~] 


Oo Se Sr ae Saree OO ea et 
rmeoMmemMwcs~i 
© 0 
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FERPRATODEETTELEELIITELS 
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to 
lop) 


So 
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ee 
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co = 
PloulolllI lll | awneael el TT l | 
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Beereee 
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* Neutral molecules in solution. 
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Table 38 (continued) 


Tonic strength 


Central ion 
pKy 

PK; 5 

PK4 9,3 

PKs 19,3,4 
PKy 9,3,445 
PKs 9,3,4,5,6 


UOz+ | 2.72*|] 4.20 _ = ~ — 0 
Vo2+ | 2.48%] ae ~ _ — 0 
Zn2+ 2.34% — _ —_ — — 0) 
Zri+ 3.79 | 6.64*] 7.77 wis an — 2 


Sulphite complexes (SO3-) 
Agt 5.60 8.68 9.00 
? 4.19 — 
Cut 7.85 8.70 9.36 
Hg*+ ? 24.07 | 24.96 
T]5+ ? ? ? 34 


Thiosulphate complexes (S,02- 


ae 
Ll ddl 
III 
wot O 


— 


Ag* 8.82 | 13.4 - 
Ba2+ | 2°33* “oe 3.49 ss _ _ 0 
cis | 39) cw | sa |e | = | = | 
.94* | 6, 
Co2+ | 2/054 gl Dic : _ me 0 
Cut 10.27 | 12.22 | 13.84 — see _ 2 
fee ? 12.29 acy a = _ ? 
Fest or ? ? << ~~ ~~ . 
a 2.10 — a - a =. 0.5 
Hg ? 29.86 | 32.26 | 33.64 = ss 0 
La3+ Ae as _ _ ~ ~ : 
Mg*+ | 4/79*| _ - _ a _ ; 
Mn*+ | 4.95* = wai = a a 0 
Na+ | 0.58 | — ass - - m | 8 
nie 2.06*| _ = om _ a 0 
i 2.7* | 5.43 | 6.35 | 7.9 ang a ? 
2.04*| = oust 0 
Tie 1.91 a _ - os a 0 
Zn2+ 7. 4 : _ _ 
59 > |<0.6 _ — 0 
hen Tetrametaphosphate compleres (P4047 
aoe 4.99 wa il _ “ _ 0 
Cant | 5.42 a = 0 
a* 6.66 a = ps om 0 
Mg?+ | 5 47 va this — ~ 
py aa _ a _ 0 


* 
Neutral molecules in solution. 
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Table 38 (continued) 























© <= 
5 2 2 ee 
< = “< 2 
2 " 3 3 3 ¢ |] 3 
= mo a ie e = = 
8 : s 5 3 3 rs g 
Mn*+ | 5.74 — — 0 
Nit+ | 4.95 ~ “e - mi = 0 
Sr?+ 5.15 — — — -- _ 0 
Vrimetaphosphate compleres (P3037) 
Ba?+ | 3.35 — - a _ o- 0 
Ca2+ 3.45 -- oe -- -— _ 0 
La3+ 5.70 _ -- — — — G * 
Mg?+ 3.31 -- “= os _— “- 0 
Mn*+ | 3.57 — ~ = = _ 0 
Nat 1.17 - — — “<I _ 0 
Ni2+ | 3,22 — — = = = 0 
Sr2+ 3.35 —_ _ — — = 0 
Phosphate complexes (PO3-) 
Ce** | 18.53°| — | — | — I —- Il— [ 6 
Phosphate complexes (HPO}-) 
Ca?+ 2.70* _— aa — —< — 0 
Fe3+ 9.75 a _ “ae ae oe 0 
Mg?+ 2.50* _ — = = — 0 
PulY | 12.9 | 23.7* | 33.4 | 43.2 | 52.0 = 2 
Phosphate complexes (H,PO7) 
Al’+ |7~3 ~5.3 |~7.6* —_ —= = 0.4 
Ca?+ 1.08 — = —_ = = 0 
Cu?+ ? 1.49* — — _ — 0 
Fest 3.5 ? ? 9.15 — _ ? 
UOz* | 3.00 5.43* | 7.33 — _ — 0 
Phosphate complexes (H3P0O,) 
PulY 2.0 ss — —— a = 2 
Thiv¥ 1.89 — — — — — D) 
UOz+ |<1.8 3.9 §.3 — _ stg 0 
Fluoride complexes (F-) 
Agt 0.36* _ = _ — — 0 
AlS+ 7.10 | 11.98 | 15.83* | 18.53 | 20.20 | 20.67 0 
Ba2+ |<0.45 — — — — _ 0 

















* Neutral molecules in solution. 


19% 


Table 38 (continued) 





2 te 
: 2) 21/38 
— <= — - & 
= a a e “ ° 2 
= a ~ a a ‘a wy 5s 
5 i < R . ~ re 


Be2t 


5.89 | 10.83* | 14.39* | 16.38 a —~ ; 
Ca2+ |<1.04 — — — — = 1 
Cd*+ | 0.46 | 0.53*] — = — -- 3 
Ce3+ | 3.99 sa a aa ~ — : 
Cr+ | 5.20 | 8.54 | 14.02%] — - — 
Cu2+ 1.23 _— -- — — “ig 
Fe*+ | 6.04 | 10.74 | 13.74*1 15.74 | 46.10 |~16.10| 0 
Ga3+ | 4.5 8.3 11.0* | 12.5 12.8 — 4 
2+ | 1.56 om aan = nant - , 
In*+ | 4.63 | 7.414 | 10.23*] — - _ : 
La3t 3.56 — —~ — -- = ( 
Mg*+ 1.82 -- _ — — = . 
Mn°+ | 5.76 sin - si ne _ 
Pus+ | 7.94 — | — = _ -- ; 
Sc*+ | 7.08 | 12.88 °| 17.33* | 20.94 = =. 
Sn2+ | 4.85 ? ~10 ot a — 0 
Sni+ ? H ? ? ? ~25 - 
Th*+ | 7.65 | 13.46 | 17.97 sn a - 0.9 
Tl+ 0.40*} — ni _ - _ 0 
Tio2+| 5.4 9.8* 1413.8 | 17.5 = — 3 
GO| 4.4 | 7.7* | 40:3 | 44/7 “ — 0 
vo2+ | 33 5.5* | 7.2 7.5 5 1 
Y*% | 4.81 | 8.54 | 40448] 2° 7 0 
Zn2+ | 4.96 es on = mt ows 0 
Zr4+ | 9.80 | 17.37 | 93 45 se - = 0 
Chlorate complezes (CLOF) 
Ba*+ 0.7 ess Ses ik a ae 0 
Agt Oi.) .. am a ite _ 0 
That 0.26 - rita “a ae os >.9 
Tl+ 0.47* _ = we os -_ 0 
Chloride complexes (Cl-) 
AB | 3.04" | 5.04 | 5.04 1) 5.30 | — — 
Aut ? 9 42 om a vl a 0 
AuS+ ? ? ? =| 24.30 a - 0 
Bit oo Sage | oO" | 5.6 | 6.4 | 6.42 ; 
.60* ve Sn 
Ce3+ | 0.99 " - a0 - a 0 
Cr*+ | 0.60 |—0.44 a“ os oa ? 
Cut ? 5.35 | 5.63 | _ a — 0 


* Neutral molecules in Solution. 
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Table 38 (continued) 


Ionic strength 


Central fon 
PK; .9,3,4,5,6 


kk 
wom! | 
i=l oN 


ml riwrbri rid 
cs 
oO 


ll lowolll~ 
— 
es 


0 
3 


POOQGTOOCOCOWONMrOCCOCCONMFP COCOONS 


Reger seer 


Cyanate complexes (CNO-) 
5.00 | — |] — | 
Cyanide compleres (CN-) 
? 19.85 | 20.55 | 19.42 
? 38.3 _ — 
? ? ? 56 
5.18 9.60* _ a 


wig) oe| | | { 
OCOVUWOOO 


? 

? — 
? 24.0 
? ? 
? ? 


* Neutra] molecules in solution. 





294 


Table 38 (continued) 





E os . z 5 

FE: - J mi es ci x | & 

© jor f= 9 poy S. =, = 
Hg?+ | 18.0 34.70* | 38.53 | 41.51 as = 0 
Ni2+ ? ? ? 31.0 30.3 a 0 
T13+ ? ? ? 35 _ aa 0 
Zn°* ? ? 17 19 _ ? 
B. Complexes with Organic Ligands 

Acetate compleres (CH.,COO-) 
Agt 0.73* | 0.64 sa = as ss 0 
Ba*t 0.41 ~ —_ < -_ jie 0 
Ca2+ 0.77 a ida - om = 0 
Cd?* 1.30 2.28* | 2.42 2.00 _ _ 3 
Ces+ 1.68 2.65 3.23* _ a — 1 
Cu2+ 2.24 3.30* ea = = = 0 
Fe2+ 3.2 6.1* 8.3 me om os 0.4 
Fe*+ | 3.2 — — — _ -- 1 
In3+ 3.50 5.95 7.90* | 9.08 -_ _ 2 
Mg?* 0.82 ss _ wet 7 - 0) 
Mn2+ | 4.2 sect wa = =<. aes 0 
Ni2* 1,42 1.81* = - = = (0 
Pb?+ 2.02 4.0* 6.4 8.5 -_ _ 0 
Sr2t+ 0).44 — ee si — —_ 0 
Tl*+ |—0.11* si ~_ = ae _ 0 
T15+ ? 4 ? 15.4 = = 0.2 
UOz+ | 2.38 4.36* | 6.34 _ _ 1 
Zn*+ 1.57 = — -_ _ -_ 0 
Oxalate compleres (COO)3- 

Als+ 7.3 113 16. 3 _ _ — 0 
Ba?+ 2.3* ce = = = 0 
Be?+ |~4* ~6§.5 = — —_ ? 
Ca?+ |~3* oa = = _ mes 0 
Cd?+ | 4.00*] 5.77 _ _ - _ 0 
Ce4+ 6.52 | 10.48 | 14.30 —_ st — 0 
Co?+ 4.7* 6.7 9.7 - a ais 0 
Cu? 6.7* | 10.3 a a = = 0.3 
Fe? ? 450 | 5.22) = -” _— 0.5 
Fe3+ 9.4 16.2 | 20.2 = - 0 
Mg?* 2.55* | 4.38 al = 0 
Mn** 3.82* | 5.25 i a i” 0 





* Neutral molecules in solution. 


i endl 
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Table 38 (continued) 








g - ‘ 2 | & 
= oa ae = = = m- 2 
s| £/ 2 | f/f ]e Tele 
Mn+ 9.98 | 16.57 | 19.42 -- -- — 2 
Nd3+ 7.2% | 41.51 et — — - 0 
Ni*+ |>5.3* 6.51 |~14 — — _ 0 
Pb?+ ? 6.54 — ns —_ — 0 
Sr?+ 2.54* -- -— — - — 0 
Tl+ 2.03 -- _— — — — 0 
Y b3+ 7.30 | 11.89 |>12.9 — ae -_ 0 
Zn2+ 5.00* | 7.36 8.15 — — — 0 
Complexes with 8-hydroryquinoline — 
Ba?+ 2.07 — -_ —_ — 0 
Ca?+ 3.27 — — = es = 0 
Cd2+ 7.2 13,.4* _ <= me — 0.04 
Co*+ 9.1 WAY _ m~ = — 0.04 
Cu2+ 122 23.4* — = = — 0.01 
Fe*+ 8.0 15.0* — _ a — 0.04 
Fes+ | 12.3 23.6 33.9* — — — 0.04 
Mg?+ 4.74 _— = = _ = 0 
Mn?+ 6.8 12..6* _ a = — 0.04 
Ni2+ 9.9 16.7° —e == = — 0.01 
Pb?+ 9.02 _ aos os — — 0 
Sr?+ 2.96 -- — a = a 0 
Th4+ | 40.45 | 20.40 | 29.85 | 38.80 — _ 0 
UO3+ | 14.25 | 20.89* — = = — 0.3 
Zn?+ 8.50 | 16.72* _ oars <= — 0 
Complexes with pyridine (C5H;N) 
Agt 1.97 4.35 = = sli = 0 
Cds 1.27 2.14 2.3 2.50 — — 0.4 
1.14 1.54 = — =< — 0.5 
ut ? 3.3 _— + i — : 
Cu2+ 2.52 4.38 5.69 6.54 -= — 0.5 
Fe2+ 0.74 ? ? 6.7 — — 0.5 
Hg?+ | 5.4 | 10.0 | 10.4 — — -- 0.5 
Ni2+ | 4.78 | 2.82 | 3.43 — — — 0.5 
Zn2+ 1.41 4.41 1.61 1.93 — — 0.4 
Salicylate complexes [C,H,(COO)O]*- 
A+ [414414 | — _ = | = | = | 0 
**Ca2t+!] 0.36* — | - = ~— - 0.16 








* Neutral molecules in om. 





** CaHSal+ = Ca?+-+ H 
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Central ion 


* Neutral molecules in 60lution. 





10.6* | 18.45 — o oo — 
6.55° | 11.25 ~- — — — 
16.48 | 28.16 | 36.84 _ -- 
6.95*| 11.75 | — « - es 
4.95 | 7.60*] 10.05 | 11.60 

4.91# —- |; = _- -- _ 
Sulphosalicylate compleres [(CgH,0(COO)(SO,)}*> 
13.20* | 22.83 | 28.89 - — _ 
41.71 | 20.81 — _ -- a 
$9.52 | 16.45 ~ ~- — — 
5.90 9.90 — — — 
15.02* | 25.76 | 32.60 — _ — 
5.24 8.24 — — — — 
11.14 |°19.20 — _- _- _— 

Tartrate complezes |(CHOIT).(COO))3- 
2.547 — — — — 
298" | 9.01 cas “a ra os 
3.00* | 5.41 5.76 6.20 - = 
7.49 _- -- — — — 
1 .36* — — _ — — 
3.78* _- “n a _ ws 
1.59” — — — — 
2.68* _- — ~ — 
Complexes with phenanthroline (C,,l1gNo) 
5.02 | 12.07 — — == -- 
0.5 _- come ini ~ — 
§.4 11.6 15.8 — — -- 
7.29 13.95 19.90 — — _ 
9.25 16.00 | 21.35 _ — _ 
5.85 ? 21.3 —_ — -— 
6.5 11.4 23.5 — ~ -- 
6.43 | 12.15 | 17.0 ae es = 
Citrate complexes [(CH,),.C(OH)(COO),]3- 

2.84 — si = 
4.52 _ -_ - = = 
4.85 — | 








Table 38 (continued) 


PKy 5 3 4,5 
DK 4 93,4546 





Ionic strength 


oocoocoeo 
. . . . * . * 
— ee 


oOowvwowr oO 
i] 


oooocococ[eo]o 
SS ee 


ooo 
= © 
o1 0 


I 


ee 
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Table 38 (continued) 









2 = 

2 3 be 

<= oe 

. - © 

~4 ed - 

e M4 a 23 

— = 

; sc 

; < é 

ee: |e se“ aS a a aaa 


Cd?+ 5.36 — —- _ a _ 0 

Cott 4.83 — _ _ — _ ae 

Cu2+ | 14.24 — — = ints = 

Fe?+ 3.08 — _ = — — { 

Fe3+ it.77 — — - _ — 0.4 

Mg?+ 3.29 — = — oa 

Mn=+* 3.67 — -- i _ a 0.45 

Ni** Dodd _ ~- — — _ 

Pb*+ 6.50 -- ~- ~- = _ 0 . 

Sr*+ 2.90 a — -_ sess = 

UO#+ 7.40 — oo f = = _— 0.41 
Citrate complexes [(CH.).C(OH)(COOH)(COO),]*- 

Be2+ 2.22* — — — — — 

Ca?+ 3.Z0* —_—— eee — — sal 

Fe*+ 2,i12* _ nates = a = 


* Neutral molecules in solution. 


Ethylenediaminetetraacetate com plexes 


CH,COOH PH CO0- 
H,C—N HC — B 7 
1 NCH,COO- CH,COO 
(HY %-) (Y4-) 
CH,COO- /SHxC00- 
Hats NZ HG — NC a 
“\CH,COO- CH,COO 


(Ethylenediaminetetraacetic acid, H,Y) 
(Ionic strength =0.1) 


















Central ion | pKyHY3- pk yY4- | Central ion | pKyHY3- | pKyY4- 
7.32 || Ba®* 2.07 | 7.78 
Afes | “pt 16.13 | Ca** 3.54 10.57 





* Neutra] mojecules in solution. 
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Central ion pKyHY3- 








Cd?+ 9.10 16.59 
Ces+ ? 16.01 
Co?+ 9.15 16.21 


Cr?+ ? 24.0 

Cu?+ 11.54 18.80 
Fe?+ 6.86 14.33 
Fes+ 16.2* 5.410 
Ga%+ 11.39* 20.27 
Hg** 14.6 21.80 
In*+ ? 24.95 
La+* ? 15.19 
Mg** 2.28 8.69 
Mn?+ 6.9 14.04 





pkyY4- 





* Neutral molecules in solution. 


Central ion 


| 
eee 


Nat 
Ni2+ 
Pb2+ 
Pd3+ 
Sc3+ 
Sr2+ 
Th4+ 
Tit 
TiO*+ 
T1]3+ 
yet 
Vst 
VO2+ 
Zn2+ 


pK\HY3- 


VV OEE UU 





Table 38 (continued) 


pK,Y4- 


* 


— DD m bo bo 
CO OTDS OI] = te 
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Table 39 
Mobility of Selected Ions at 25 °C 


and Infinite Dilution 


Equivalent conductivity (ohm-!-cm?) of the electrolyte Aga is 
numerically equal to the sum of the mobilities of both ions: Apa = 


=)pe ; AAW 
Rh i lol ee ee 
Cations | AT | Anions | hA- 

A a: ree vee reeee 
Il + 362 OH- 205 
K+ 76 1/4 Fe(CN)s- 114 
NIlt 76 1/3 Fe(CN)3- 104 
r+ 75 1/2 SO2- 83 
1/2 Ph?+ 73 1/2 CrO}- 82 
1/3 Fe3+ 68 Br” 81 
1/2 Ba2+ 66 1/3 PO3- 80 
Agt 64 iz 80 
1/2 Cat+ 62 Cl- 79 
1/2 Sr2+ 62 NO; 74 
1/2 Cu2+ 57 4/2 C,03- 74 
1/2 Zn2+ 56 ClOz 74 
1/2 Mg2+ 55 1/2 CO3- 70 
1/2 Fe2+ 54 HCO35 46 
1/2 Ni2+ 52 CH,COz 42 
Nat 52 103 41 
Lit 39 
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Table 40 


Standard Oxidizing Potentials (#°) Relative to 
the Potential of a Standard Hydrogen Electrode* at 25 °C 


(+= 
4 


saturated solution in the presence of a solid or liquid substance; 
solution saturated with gas under a pressure of 1 atm) 
Symbol 


. Highest degree Lowest degree 
ore of oxidation ne egree of 


oxidation 


AlOz + 2H,0 
Al(OH)s} 
AlF8- 





es 


*For the use of the table, see p. 476. 






















Br Brg +2e 
2HBrO + 2H+ | +2e 
2BrO- + 2H,O | +2e 








dul 


Table 40 (continued) 





Symbol) 
ste] pte depee | ane Momgiteeseet | ae, v 
et + 3H* +-3e | AsHg —0.60 
As | + 3H,0 +-3e | AsHy [4 30H- —4.37 
HAsO, + 3H* +-3e | As} + 2H,0 +0.247 
As | H,AsO,+2H* | +2e | HAsO, + 21,0 -+-0.56 
AsOz + 2H,0O 4+3e | As} + 40H- —0.68 
AsO$- + 2H,O | +2e | AsOz + 40H™ —0.71 







Aut +2e | Aut +4.44 
Aut +3e | Au +-1.50 
Aut +e | Au -+-1.68 
AuBry +t-e Au} + 2Br- +-0.96 
AuBry +2e | AuBry + 2Br- +0 .82 
Aubry -+-3e | Au} + 4Br- +-0.87 
Au(CN)3 +e | Au} + 2CN- —0.64 
Au uCls +e | Au} + 2Cl- +4.44 
AuClz 4+2e | AuCly + 2Cl- +-0.93 
AuCly 4+3e | Au} -+ 4Cl- +-0.99 
H,AuOz +- H,O | +3e | Auy-r 40H- +0.7 
Au(SCN)z +e | Au}-+2SCN- +-0.69 
Au(SCN)z 49¢ | Au(SCN)z -+ 2SCN- | -+0.64 
Au(SCN)z 4+3e | Au} -+ 4SCN- 0.66 
H,BO, + 3H* +3e | B{ + 3H,0 —0.87 
. H,BOs + H,0 | +3e | B | +. 40H- —1.79 
BF; 4+3e | BY + 4F- —1.04 
Se ee a SN ne banat inhniaaat 
Be | Bet 42e | Be} —1.85 
Be,02?- + 3H,O | +4e | 2Be} + 60H- —2,62 
ear 4.0.32 
BiOt+ + 2H+ +3e | Bi} + H.0 .32 
Bi{ + 3H* 4+3e | BiHs t <—0.8 
NaBiO, | + 4H*+ | +2e | BiO* + Na* + 2H,0] >+1.8 
BiCly 4+3e | Bi} + 4Cl- aM 
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Table 40 (continued) 




















Symbol Highest d , 
Se] varesices | tne | Mortar” | ms v 
HBrO + H+ +2e | Br- + H.O 4-41.34 
Br Bed H,0 4+2e | Br- + 20H- +0.76 
Bet T bho +4e | HBrO + 2H,0 4-445 
2BrOs + 124+ +40 Bret OH ‘o 14 bo 
3 e| Br. + 6 + 1.52 
28103 + OH,0 +40] Br, + 120H- 40.50 
brett ate +6e | Br~ +- 3H,O +4.45 
5 : +6e | Br- + GOH- +-0.61 
fae ay +2e | CH, +-+ H,O +0.59 
CHO 4 oH+ -|+-2e C,H, t+ H,O +-0.46 
CatlsO2 +-2e | C,H,(OH), 4-0,.6994 
(CN) 4. OHt 49 Cn 
2HCNO ++ 2H+ 22 | 2.0. 1°33 
See +2e | 2H,0 + (CN), + 4.0.33 
Gee aa +2e | HCN + H,O +-0.35 
Gena tate +2e | CN- + 20H- —0.97 
Cc gl i an +2e | CH,OH +0.419 
HCOOH + 2H+ | p20 | nto. +101 
eee ae +2¢ CHCHO 0112 
op +2e | HCHO + 30H- —1.07 
co [yt +2e | CO4+ H,0 —0.12 
re 6H+ 2 + +6e COUN Ha)s 4- H,O +0.14 
a 
CO, t+ 2H* +2e | HCOOH —0.20 
200, t-++ 2H* +2e | H,C,0, —0.49 
ae Pete | ne 
Ca | Cart +2e | Ca —2.87 
Ca(OH). } | +2e Gal + 20H- —3.03 
Cd** +2e | Cd 
—0.402 
is caro Y,_ +2e | Cd} + CO3- —0.74 
d Ca(NH 4 +2e | Cd} +- 4CN- —1,.09 
Cd (OH) 4 +2e | Cd} + 4NH, —0.61 
Cas} +2e | Cd) + 20H- —0.81 
+2e | Cd) + $2- —{.47 
EE ne EE Sion Via nel 
Coe +3e | C 
be e| —2 50 
Co | Geo fe +e | Ce%*+ + 6C10z +1.70 
36 +e | Ce3+-+ 6NOz 1.60 
Ce(SO,)2 % T 
4)3 +e | Ce3++ 3S0?- 4.4.44 
Cl | Cl, 2 sa 
oH OCI +. = tee 2Cl +4.350 








Cl, + -+- H,O 
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Table 40 (continued) 


Symbol Highest degree Lowest degree of 


png of oxidation oxidation 


& 
— 
< 


2ClO- + 2H,0 Cl, ++ 40H- 
HClO + Ht Cl- +- H,O 
ClO- + H,O Cl- + 20H- 
HCG, ++ 6H* 

O m 
HClO, + 3H* Cl- + 2H,0 
ClOz -+ H,0 Clo- + 20H- 
ClOFZ + 2H,O 


oni 


OFF OR OP OR PPE ORF OOF FRF OF O 
CHW WWEOURPARNMEWNMIBIAPAR( 
SESSSRSSSENGSEASSSRESS 


+f 
+ 
+- 
+- 
-{- 
-- 
+ 
-{- 
-{+ 
+; 
-t 
-{- 
oe 
+ 
-1- 
a 
+- 
+ 
a 
-{- 
a 
ate 


+- 20H- 
Co(OH), | + OH- 
Co} -+ S?- 
Co} + S?- 


Tr 
+ 30H- 
+ 20H- 
-+- 40H- 
2Cr3+ +- 7H,0 
Cr(OH); } + 50H- 





Highest degree 


of oxidation -+ne 


2Cu(OH), | 


Cu,0 | + H,0 
Cu(OH), | 
CuS } 


Fe 


+3e 


+4e 
+2e 
+-2e 


Ge} + 4H+ 
Ge?+ 


GeO | + 2H+ 


Table 40 (continued) 


Lowest degree of 
oxidation 


+. 

Cu} +- Ati 1, 

Cu} +- 4NH, 

Cuz0 | + 20H- i 
-+- H,O 


2Cu | = 20H- 
Cu} + 20H- 
Cul -+ S?- 
2Cu} + S?- 
Cul -+ SCN- 


Fe(C,gH,N,)3* 
Fe(OH OH- 
Fett Is b =H 


Fes+ 4 “41,0 
3Fe | +- 4H,0 
Fe} + $2- 


Gal 
Ga} + 40H- 


GeH 
cet 
+-H,0 
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Table 40 (continued) 


Symbol ‘ 
a Highest degree Lowest degree 
ae of oxidation of oxidation Eo, Vv 


GeO, | + 4H*+ Gel + + 210 —0.15 
Ge 3+ 4H+ Ge| + 3H,0 —0.43 

GeO, | + 2H* Geb | (brown)+ H,O| —0.42 

HGeO; + 2H,0 the Ge| + 50H- —1.0 


2H+ “te +0.0000 
2H+(10-737) —0.414 
+ H —~§.25 
—0.828 
+-4.77 
+0.88 


HfO*+ + 2H* 
HfO, } + 4H* 
HIO(OH) H)} + 


2Hg** 
Hg** 
figs" 


Hg 
eae { 2Hg} + 2Br- 


Hg(CN)j {+ 4CN- 
Hg,(CH,COO), | 


(black) 
HgS sf (red) 
HigySOs } 





210- + H,0 
20— 1845 
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Table 40 (continued) 





























Symbol) Highest d 
ofele-| “of oxidation’ =| tne | “Oxidation | Bt, 
HIO + H+ - 
oo 1 I + H,0 4-0.99 
IOs + 5H* +-4e HIO OH, er 
102 -+ 2H,0 tee | tae + 2H,0 +-4.14 
2105 + 12H+ Tipe Leo Rp 
1 |2102-+6H,o | 440d 12] 4 yodu Tha 
et tees 408 ta + 120H- +024 
10; + 3H,0 +6e | I- T bon: 1038 
ig we +e + 60H- +-0.26 
. 2- 49 10- + 3H,O ~-+-1 6 
Hal0,+7H+ | +8e | 17°) iso. aie 
H310;- + 3H,O | +8e | I- + 90H- ante 
In*+ 
In In3+ ces say a 
“ n 
Ir3+ 
+3e | Ir 
IrCl3- a | ~The 
IrCli- iy Ir a 6Cl- +-0.77 
Ir Ircli- ay IrCl3 +-1.02 
mes te Ir +- 6CI- 0.83 
Ir,03} -+ 3H,0 +-6e a On 184 
r{ + 60H- +0.1 
ne 
K |k+ 
La ron +3e | La 2.52 
)s¥ +3e cal + 30H- | —2.90 
Li Lit+ 
| | +e | Lif | —3.03 
Mg | Mg** +2 
Me(OH e met iQ iad 
g(OH), 4 +2e | Mg| + 20H- —2.69 
Mn+ 
ae Pan 148 
Mn(CN)?- ity Mn 4.49 
Mn | Mnco, 15,1 pe ze 
Mn(OH), ity err OOF oe: 
n{OH)s| vi e | Mn 20H- —1.18 
a eta ae + Mn(OH), | }- OH- +0.4 
e | Mn 2H, +4.23 
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Table 40 (continued 











Lowest degree of 


oxidation | E0, V 


Highest degree 
of oxidation | ne 



























MnO}-+ 4H+ | +2e Mn0s + 2H,0 4-296 

MnO j- + 2H,O- | +2e | MnO, -+ 40H- +-0.6 
M MnO; +e | MnO;j- +0.56 
mn | MnO; + 4H* 43e | MnO, -+ 2H,0 4-469 
MnO: -++ 2H,0 | +3e | MnO,} + 40H- +.0'60 
MnO; -+ 8H* 45e | Mn2* .! 4H,0 44°54 

-+-3e | Mo} —0.2 
+e | Mo(CN)j- +0.73 

+-2e | Mo*+-+ 2H,O wt: 0 
+e re +0.48 

H,MoO, + 6H+ | +6e Mo ft 4H,0 0:0 
MoO}- AL 4H,O -+6e + 80H- —1.05 

3NHt 
NH, + NH; + 70H- 
3No 4+ SH +2e | 2HN, 

iy +-2e | 2Ng —3.4 

No¢+ 2H,O+ | +2e | (2NH,OH)H* —1.87 
+ 

N 4H,0 +2e | 2NH,OH + 20H- 3.04 
No t 5H* +4e | (NeH,)H* —0'93 
N,+-++ 4H,0O the | NoHy + 40H- 446 
Nat+ SH | 16¢ 2NHt 0196 
N.+-+ 8H +6e | 2NH,OH + 60H- 0°74 
(N.H,)H* 0 3H+ | +2e | 2NHfT +427 

Nef, + 4H,0 | +2e | 2NH,QH + 20H- 1074 
(NHtORH?-+ | -L2e | NH{“+ H,0 4°35 

2H+ 

NH,.OH + 2H,0 | +2e NH,OH -+ 20H- +-0.42 
HNs0,+ 2H* | +2e | Na} -+ 2H,0 1965 
HNO! + 6H* --4e (2 eo -+-0.50 
2HNO, + 4H+ | +4e | H»N2O. + 2H, 40°83 
HNO, + H+ +e Nos H,O +-0.99 
2HNO, + 4H*+ | +4e | NsO ++ 3H,0 44/99 
2HNO, + 6H+ | +6e | Ng + 4H,0 14°44 
2NOz-+ 4H,O | +6e | No++ 80H- 10°44 
HNO, + 7H* +6e | NH{ + 2H,0 +-0.86 
NO; -+ 6H,0 46e | NH,OH + 70H- 015 
N,O +-+ 2H+ 42e | N,++ H,0 44°77 
N,O { + H,0 +2e | Ne}+ 20H- +094 
ONO *-+ 4H* +4e | No++ 2H,0 +168 
2NO ¢-++ 2H,0 +4e | No7¢-+ 40H- +0.85 














Na 


Nb 


Highest decree 
of oxidation 


+ 2H+ 


NO Z + H,0O 
NO; + 4H+ 
NO; + 2H,0 
2NO; + 12H+ 
NO; + 8H+ 
2NO5 + 17H*+ 
NO; + 10H+ 
NO; +- 7H,0O 


Na* 

Nb3+ 

Nb,O; | + 10H*+ 

NbOS* + H+ 

NbO(SO,)z + 
+ 2H+ 

NbO(SO,4)z + 
+- 2H+ 


O,+-+ 4H+ 


O. ++ 4H+(10-744) 
+2 








Table 40 (continued) 


Lowest degree of 





fem] "Wane | ame] anata | omy 


oxidation Eo, Vv 
+2e | 2HNO, 44.07 
+2e | 2NOZ +0.88 
+8e | N,+-+ 4H,0 4-435 
+8e | N,++ 80H- +-0.53 
+2e | HNO, + H,O 0.94 
+2e | NOz + 20H- +0.01 
+e | NO,++ H,0 +-0.80 
+e | NO, -- 20H- —0.86 
+3e | NO++ 2H,0 +-0.96 
+3¢ Noy 40H- —0.14 
+10e]| N,+-+ 6H,O 4-14.24 
+6e | (NH,OH)H* + 2H,0} -++0.73 
+14e! (N,H,)H* + 6H,O +-0.84 
+8e | NHt + 3H,0 0.87 
+8e | NH,OH + 90H- —0.12 
| +e | Nal wh TiS 
3e | Nb —1.1 
+106¢ NDI + 5H,0 —0.65 
F2e | Nb3+-+ HO —0.34 
+2e | Nb3++ HO + —0.1 
+ 2S03- 
+5e | Nb} +H,O + 2803-| —0.63 
+2e | Nil —0.23 
--e | Ni(CN)2- + CN- <—0.4 
+2e | Nil + CO2- —0.45 
-+2e x + 20H- —0.72 
-+2e | Ni} + 6NH, —0.49 
+2e | Ni*+ + 2H,0 1.68 
+2e | Ni(OH),} + 20H- +0.49 
+4e | Ni*++ 4H,0 >+1.8 
+2e | Ni-+ §S2- +0.76 
+2e | Ni} + §2- —0.99 
+4e | 2H.0 +-4,229 
+4e | 2H50 0.815 
+4e | 40H- -+() 401 
Ze.| H,O, -+-0.682 
+2e | HO; + OH- —0.076 
+2e | 2H,0 +1.77 
+2e | 30H- +-0.88 
+2e | O,4+-+ H,O +-2.07 
+2e | O, + 20H- +1.24 
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Table 40 (continued) 














Pd 


Pd 

Pd 4Cl- 
PdClj- + 2Cl- 
Pd Cl- 
Pd, + 20H- 


Symbol s re Ww 
ate) Typed | ane | Consett ot | ae, v 
Os*+ +2e | Os} -+0.85 
OsCl?- +e | OsCl?- +-0.85 
OsCl3- +3e | Os} + 6CI- +0.74 
Os | OsCl3- +e | Os?+-+ 6Cl- 404 
OsO,} + 6Cl- + | +4e | OsCl3- + 4H,O +1.0 
+ 8H+ 
OsO,} + 8H* +8e on] + 4H,O +0.85 
HOsOz -+ 4H,O | +8e | Os} + 90H- +0.02 
4 + 3H+ +3e PHs | +-0.06 
P| + 3H,0 +3e | PH; ++ 30H- —0.89 
H,PO, +. H+ +e P + 2H,O —0.51 
H,PO; +e | P|+ 20H- —2.05 
H,P0, +- 3H* +3e | P| + 3H,O —0_50 
H,PO, + 2H* +2e | H,PO, + H,O —0.50 
p |Hpos-+2H,0 | +2e | H,POx-+ 30H- —1.57 
H,P,0,-+ 2H* | +2e | 2HsPO, +0.38 
H,P0O, + 5SH* -+5e Pl + 4H,O —() 44 
H,PO, + 4H+ +4e | HjsPO,-+ 2H,O —0.39 
oH.PO, + 2H* | +2e | HyPs0, + 2H.0 —0'94 
H,PO,-+ 2H+ | +2e | HsPO, + H,O —_0 276 
pos- ‘+ 2H,0 | +2e | HPO} + 30H- 4°49 
Pb2+ +2e | Pb} —0.126 
Pp4+ +2e | Pb*+ +1.8 
Pb4+ +4e | Pb +0.84 
PbBr, } 4-2e | Pb) + 2Br- —0.274 
PbCO; } +2e | Phy + COj- —0.506 
PbCl, | +2e | Pb} + 2Cl- —0.266 
bF, | +2e | Ph} + 2F- —0.350 
Pbli, +2e | Phy + 2I1- —0.364 
PhO | + H,O +2e | Pb) + 20H- —0.58 
pp | HPbOs+H,O | +2e | Pb} + 30H- —0.54 
PhO,/+H,0 | +2e | PbO} + 20H- +0.28 
PbO,]-+4H* | +2e | Pb?++ 2H,0 +-1.455 
PbO, | + 4H+ + | +2e | PbSO,| + 2H.O +-1.68 
+-'S03- 
Pho? + H,O | +2e | PbO3}- + 20H- 40.2 
PbS +2e Ppt +s" —0.91 
PbSO,4 +2e | Phy -+ SO?- —0.356 
OO i 
Pd*+ Tee +0.987 
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Table 40 (continued) 






















Symbol 
ame | TaPesater® | ase | Momattae of | as 
Pd | Pa(OH),4 | +-2e | Pd(OH), | + 20H- | ~+0.73 
Pt2+ +2e | Pt ~+41.2 
PtCl3- +2e | Pt) + 4Cl- +0.73 
Pt | Ptcl?- +2e | PtCl?- + 2Cl- +-0.720 
POH; | +2e | Pt) + 20H- +0.15 
Pt(OH).} -+ 2H* | +2e | Pt} + 2H,0 +0.98 
Put +3e | Pul —2.03 
Put+ +e | Pyd+ +-0,970 
Pu PuOQ3* +e | PuOt +-0.916 
PuO3+ + 4H+ +2e | Put*-+ 2H,0 +-1.04 
paaiet +-3e | Pu} + 301- —2.42 
Pu(OH), --e | Pu(OH)3,) + OH- —0.95 
Ra | Ra** | +2e | Ra | —2.92 
pr i Ne 
Rb | Rb |e | Rbj | —2.93 
Ss ee Pe Cn ee Sei 
Rel +e Re- —().4 
Ret +2e | Re- —(0),23 
Re** +3e | Re ~+0.3 
eos + 4H +4e | Re} + 2H,0 0.26 
Re | ReO,|-+ 2H+ +2e | ReO,| + H,O +0.4_ 
ReOz + 8H+ +-7e Bed +- 41,0 +-0,37 
ReO;z + 4H+ -+-3e | ReO,}-+ 2H,0 +0.51 
ReO; + 2H+ +e | ReO;}+ 2H,0 +0.77 
ReO;z + 4H,0 +-7e | Re| + 80H- —0.584 
ReO; + 2H,0 | +3e | ReO,} + 40H- —0.595 
aoe iid lea Re: lil Nese, lie Mate Taser ee 
Rh3+ +3e | Rh ~+0.8 
RhClj- +3e Rit ++ 6Cl- +0.44 
Rh | Rh,05}+-6H* | +Ge | 2Rh} + 3H,O --0.87 
A Gant + | te | RhCR- + 2H,0 >+1.4 
RhO*+-+- 2H+ | +e | Rh3++ H,0 +1.40 
RhOj--+ 6H*+ | +2e | RhO2+ + 3H,0 +1.46 
Ru*+ +2e] Ru +-0.45 
RuCl, +3e | Ru t + 3Cl- +0.68 
Ru | Rucle ~2e | Ru2+ 4- 5Cl- 4-0.3 
RuCl,OH2- -- 1+ +1.3 
RuOy +0.5 
RuO,4} 1.0 
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Table 40 (continued) 











ale Highest degree Lowest degree of 
ment of oxidation ~H8 oxidation Eo, V 
+-2e | S?- —0.48 
S}-+ 2H+ +-2e | HS t +0.14 
S{ +-2e | S57 —0.34 
S (SCN), + +-2e | 2SCN- +0.77 
OF +2e | 25,03- +0.09 
S,03- + 6H+ +4e | 28+-+ 3H,0 +0.5 
2H,80,-+ 2H+ | +4e | S,03- + 3H.0 +0.40 
2S03- + 3H, +-4e | S,03- -+ 60H- —0.58 
2H»80,-- H+ | +2e | HS,0z + 2H,0 —0.08 
2S02- + 2H,O | +2e | S03 + 40H- —1.12 
SO}- -+ 4H* +2e | H,S0, + HO +0.47 
SO#- -+ H,O +2e | SO3- + 20H- —0.93 
29SO3- + 10H+ | -+8e | SpO3- ++ SHO +0.29 
2S03- + 5H,O | +8e | S,03- + 100H- —0.76 
SO}- + 8H’ +6e S| + 4H,0 +-0.36 
SOj--+ 4H,0 | +6e | St 80H- —0.75 
SO}- + 10H* +8e | H,S + 4H,0 +0.31 
SO3- + 4H,O 4-8e | S#--+ 80H- —0.68 
S,03- +-2e | 2803" +2.0 
a 
Sb -+ 3H+ +3e | SbHs —0.51 
SbO+ -++- 2H+ +3e | Sb} + H,0 +0.212 
Sb,0,}-+ 6H* | +6e | 2Sb} + 3H,0 +0.152 
Sb | SbOs + 2H,0 4+3e | Sb} + 40H- —0.675 
Sb,0,} + 4H*+ | +2e | 25b0* + 2H,0 +0.68 
Sb,05 4H* +-4e | Sb,0,} + 2H30 +-0.69 
Sb:or] + ol | +4e | 28b0* + 3H,0 +0.58 
SbOz + H,0 42 | SbOxz + 20H- —0.43 
Sc | Sc+ +3e | Sc} —2.08 
ee eee 
Se} + 2H+ +2e | H,Set —0.40 
Se | H,Se0,-+4H*+ | +-4e eT -+ 3H,0 +0.74 
Se03- + 3H,O +4e | Se} + 60H- —0.366 
Se0;- + 4H* 4-2e | H,SeO; + H,0 +4.45 
SeO?- + H,O +2e | Se03- -+ 20H- +0.05 
Si} -+ 4H* -+-4e Sit +0.10 
; si! -- 4H,O 4-4e | SiH, ¢+- 40H- —0.73 
Si | SiF3- +4e | Si} + GF- mt iy 
SiO, | + 4H* +-4e | Si} + 2H,0 —0.86 
H.SiO,(hydrous)-+ | --4e | Si -++- 3H,0 —0.79 
+ 4H* . 
SiOz + 3H,O | +4e | Sit + 60H” —41.7 
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Table 40 (continued) 






































Sy 1 . 
es muptcittts® | ine | Covariates) as, v 
ment 
Sn?+ +2e | Sn} —0,140 
Sn‘+ +-2e | Sn? +0,15 
o Sn+ +4e | Sn +-0.01 
“nh | HSn0z;+H.O | +2e | Sn} + 30H- —0.91 
Sn(OH)2- +2e | HSnOz + 30H- + —0.93 
sr | sr | +2e | sry | 2.89 
| Ta,0,{ + 40H+ | +40c| 2Ta} + 5H,0 | —0.81 
Te} + 2H+ +2e | H,Te + —0,72 
To 42e | Te2- —1.14 
TeO, |) + 4H+ +4e Te +- 2H,0 +0.53 
Te | TeO,H*++ 3H+ | +4e + 2H,0 --0.56 
TeO2-+ 3H,O | +4¢ | + 60H- —0.57 
H,Te0,} + 23H* | +2 reo | + 4H,0 +-1.02 
TeO}-+ HO | -++2¢ | TeOs* + 20H- >+0.4 
ee et Tee Bent fee UE dae heel deel 
Th | Tht +4e | Th —1.90 
Th(OH), | tae Th{ + 40H- —2.48 
RD Ree oe Babel eet: Reel 
TP +2e | Ti —1.63 
TiO, } - + 4H+* +4e | Ti) + 2H,0 —0.86 
Ti | TiO®?+-+ 2H+ +4e | Ti} -- H,0 ~—0.88 
TiO2+ + 2H+ +e | Ti3++ H,O ~+0,4 
Ti?+ +e | Tit —0.37 
TiF2-. +4e | Ti] + 6F- —1.49 
a a re ee 
TI+ +e | Tl —0.336 
TlBr} +e | TlL+ Br- —0.656 
7 | TICLY +e |} T1)+ c- —0.557 
TIOH +e | Tl) +- OH- —0.344 
T15+ +2e | TI+ +4.28 
T1,0,;}-+3H,O | +4e | 2T1+ + 60H- +0.02 
GER bp sarki Anes aden: eee WL. Sgcee Se 
[3+ +3e| U4 —1.8 
[4+ te U3+ —0.64 
U(OH),{ +3e | U1 + 30H- 9) 47 
U UO,}+ 2H,O | +4e | U} + 40H- —2.39 
ae +e | Ut -+ 2H,0 +0.55 


i; UO?* + 4H+ +2e | Utt++ 2H,O +0 33 
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Table 40 (continued) 
















Lowest degree of 


of ele- Highest degree 
oxidation 


ment of oxidation -++-ne 








y= +2e} V4 —1.18 
V 3+ te | V2 —0.255 
VO2+ + 2H* +e | V3++ H,0 +-0.337 


* | ¥o* +e | VOt —0.044 


VOt + 2H+ +e | vO2++ H,0 +-0.9994 
VOt + 4H* +2e | V3+ + 2H,0 +0.668 
VOt + 4H* +3e | V2+-+ 2H,0 -+-0.360 
VOtg + 4H* +5e | Vj + 2H,0 —0.25 
V O3- + 6H*t 4-2e | VO+ + 3H,0 +1.26 
H,VOz + 4H* +e | VO%+-+ 3H, +1.34 


WO,| + 4H* i4e | W}-+ 2H,0 —0.12 
-- ‘ 






WO?- + 8H* +6e ss 4H, 
| wo!-+ 4H,O | +6e | Wy + 80H” —1.05 
Y | Y3+ | +-3e | Y} —2.37 
Zn2+ 42e | Zn —0.7628 
Zn(CN)j- +2e | Zn + 4CN- —1.26 
Zn | Zn(NH,)3* 4+2e | Zn}-+ 4NHs —1.04 
Zn(OH). 4+2e | Zn{ + 20H" —1 245 
ZnO2?- + 2H,0 | +2e | Zny+ 40H- 
ZnS | (wurtzite) 4+2e | Zn}+S*- 
ZrO2+ ++ 2H* +4e | Zr} + H,0 
dr 710.4 4H+ +-4e i + 2H,0 
H,Zr0,} + H,0 | +4 | 2r¥+ 40H 
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Table 42 


Spectral Wavelengths and Colours Corresponding to Them 






t ry colour 
‘loumthn of the lent Colour of the radiation | Supplementary 





our of 
being absorbed, nm being absorbed or roan: 
a ee gee 

400-450 Violet Y ellow-green 

450-480 Blue Yellow 

480-490 Green-blue Orange 

490-500 Blue-green Red 

900-560 Green Purple 

560-575 Yellow-green Violet 

975-590 Yellow Blue 

990-625 Orange Green-blue 

625-750 Red Blue-green 
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Table 44 


Properties of Selected Solvents 


Den- 
Molecular | sity at Refra- 
No. Solvent Formula weight, | 20°C, ctive 
M g/ems index 





1] Acetic acid CH3COOH 60.054 [1.049 |1-372 
2] Acetone CH3COCH3 58.081 |0.794 }1-359 
CH3 
3] Amyl acetate CH3COOCHsCH.CH 130.190 [0.856 [1-400 
(iso) ty 
CH3 
H3C 
\ 406 
4} Amyl alcohol CH-CH2-CHs0H 88.151 |0.806 |!- 
(iso) 4 
H3C 
9} Aniline CeHsNHe 93.130 [1.022 }1-586 
S| Benzene CoH 78.144 |0.8790/1-5014 
7] Benzyl alcoho! CeH;CH20H 108.141 [41.045 [1-539 
8 | Butanol (iso) (CH3)2CHCH20H 74.4124 |0.803 |1-398 
§ | Butanol (normal) CsH OH 74.124 10.810 1.399 
10] Butyl acetate CHsCOOC4H» 116.162 |0.882 |1-395 
(normal) 
11] Butylamine CaHgNHe 73.140 {0.740 1.401 
(normal) 


12] Butyl cellosolve HO-CH2g-CH2-O-C4Hg | 118.178 {0.902 4.414 
(ethylene gly- 


col mono-n- 
butyl ether) 
13 Carbon disul- CS 716.143 |1-.263 1.627 
phide { 
14] Carbon tetrach- CCl4 153.839 [1.595 ]1-48 
loride 
15] Chlorobenzene CeHs5Cl 112.563 |1.107 1.525 
(mono) 46 
16] Chloroform CHCl; 119.390 |1.489 [1-4 
_ Cyclohexane CeHie 84.163 |0.779 ae 
19 Cyclohexanol CeHy10H 100.162 |0.494 1 482 
a Cyclohexanone CeH yO 98.146 0.949 {» xe! 
Decalin (deca- CioHig 138.255 0.890 |t-4 
hydronaphtha- 
lene) 


se ee Seeees oat 
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Mel Sureace 

ting Boiling Vapour os on | solubility a = Flash 
point, | point, pressure, 90°C in water, | constant.| Point, |No. 

°C °C cm Hg dy-— g/100 ml |(~20°C)| ° 
nes/cm 

+16.6 1418.1 1.5 (25°C) | 27.8 co 9.5 40 i 
—94.9 | 56.4 |22.9(25°C) | 23.7 00 21.3 |—16.7] 2 
—75 135.5 | 45.7 (20 °C) — 0.25 (15 °C) 5.26 | 25 3 
—134 | 128 0.2 (20°C) | 23.7 | 2-67(25°C) | 15.8 42 4 
~6.0 |4184.25| 0.24 (50 °C)| 42.9 | 3-66 (25 °C) 7.2 |—71 5 
5.5 80.8 | 9.6(25°C) | 28.9 | 0.175(20°C)) 2.3 —8 6 
—15.3 | 206 0.1 (60°C) | 38.3 3.66 (20 °C) 13.1 - 7 
—108 | 108 1.8 (31 °C) a 8.5 (20 °C) 18.8 34 8 
~79.9 1417.7 | 0.64 (25°C)] 24.6 | 7-9 (20 °C) 17.8 42 9 
“ET 125 18 (20 °C) _ 2.3 (20 °C) 5.0 22 10 
—50.6 | 77.8 — 21.6 oc 5. 4 ae 11} 
—40 170.6 | 0.9(20 °C) - 50 - 60 |12 
—112.8] 46.25] 29.8(20 °C) | 33.6 0.18 (20 °C) 2.7 | —20 |13 


—22.9 | 76.7 | 11.5(25°C) | 26 0.08 (20 °C) 2.2 Does | 14 


—45 432.0 | 0.88(20°C)| 33.2 | 9-049(30°C) 5-7 29 145 


~63.5 | 61.2 | 19-9(25°C) | 27-1 | 9-82(20 °C) 5.1 | Does | 16} 


not 

ignite 
6.5 | 81 7.8¢a5°c) | — | 9-010@20°C)] 2.0 | 47 J 47 
+24 161.5 | 1.0¢56°C) | 34-0 4.0 (20 °C) 10 68-72 | 18 
ok 155 0.85(20°C)| — 2.4 (30 °C) —" 40 «149 
practically ai 57-58 | 20 


—125 189-192 0.06 (20 °C) _ 
insoluble 
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No. 


21 


22 


23 


24 


Solvent 


o-Dich loroben- 
zene 

Dichloroethane 
(ethylene 
dichloride) 

Diethyl] ether 
(ethyl ether) 

Diisopropy! ether 
(isopropyl 
ether) 


1,4-Dioxane 
Ethanol 
Ethanolamine 
Ethyl acetate 


Ethylene glycol 


Furfurol 
Glycerin 
Hexane (normal) 
Methanol 
Methy] cellosol- 
ve (ethylene 
glycol mono- 
methyl ether) 
Methyl ethyl 
ketone 
Methyl isobuty] 
ketone (hexone 
Nitrobenzene 
Octane (iso) 
Octane (norma]) 
Propanol (iso) 
Propanol (nor- 
mal) 
Pyridine 
Sulphuric acid 


Tetralin 
Toluene 
Turpentine 
Water 


Xylene (mixture 


Formuia 


CgHaCle 


CHeCl-CH»Cl 


Colls;0CaHs5 


II3C CHy 
%, - 
CH-O-CH 
4 


N\ 
HyC CH3 
(CH2)402 
CoHsOH 
HeNCHeCHe20H 
CHsCOOC2Hs5 
HOCH2CH20H 
CgH3sCHO2 
CH2z20HCHOHCH20H 
CoHia 
CH30H 
HO-CH2-CH2-O-—CHg3 


CH3COC2H5 
(CH3)2CHCH2COCHg 


CgaHsNO2 
CgHig 
CsHis 

C3H70H 
C3H70H 


C5HgN 
H2S04 


CioHy2 
CoeHgCHg 


Den- 
Molecular | sity at 


weight, 


147. 


98. 


74. 


102. 


132. 
92. 


32. 


012 


968 


.108 
.162 


-114 
. 232 
232 
.097 
-097 


.103 
.082 


207 
141 


18. 


106. 


016 


169 


clink 
© ctive 
ee index 


1.444 


.6603]1.3754 


.792 
.965 |1.103 


coco oF FP FP OF OH 
oe 
o 
o 


0.805 
0.800 


. 203 
. 708 
.703 [1.398 
.789 
.804 


coco co oc = 


0.982 
1.834 


0.9714 4.543 
0.868 4.496 
0.95-0,88|—1 + 47 
0.997 1.333 


0.88 1.506 


of isomers) 
ee RtOtttiieces ee ee ee 


Boiling Vapour 
point, pressure, 
°C cm Hg 


Surface 

tension | solubility 

20°C in water, 
dy-' g/100 m) 
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Table 44 (continued) 





Dielect- 


ric Flash 


constant,| Point, |No. 
(~ 20 °C) C 





—84 


5.9 
—60 
—57 
—88.5 
—127 


—38.2 
+10.5 


—35 


-_ 


0.00 


—25.3 | 496-445 


a ON] (UININEL SNR Se 


180.2 | 0.13(25 °C) 
83.5 | 7.7(25°C) 
34.6 | 53.7 (25°C) 
68 15.8 (20 °C) 

101.4 2.7 (20 °C) 
78.32] 5.9(25°C) 

172.2 = 
17.15| 7-3(20 °C) 

197.4 3.9 (120 °C) 

162.14 2.5 (72 °C) 

290 | 0.41(125 °C) 
68.8 | 15.1(25 °C) 
64.65| 12.4 (25 °C) 

124.5 | 6.2(20°C) 
79.6 | 9.84 (25°C) 

115.65] 2.0 (25°C) 

210 0.75 (80 °C) 

118 ~ 

125.0 1.1 (20 °C) 
82.3 | 10.0(39 °C) 
97.2 1.45 

115.4 1.54 


(330) |<0,001 (25 °C) 


207.3 | 0.03 (20°C) 
110.8 | 2.8(25 °C) 
153-1890 | 0.45 (20 °C) 
100.0 | 2.38(25 °C) 

1.0 (20 °C) 


* 1 0.014 (25 °C) 


0.84 0.87 (20 °C) 
16.5 6.95 (20 °C) 
32 1.2 (25 °C) 
36.5 co 
21.9 co 

— Co 
23.75 |°7-9 (20 °C) 
47.7 co 
43.5 8.3 (20 °C) 
64.5 co 

18.4 0.014 (16 °C) 
22.5 oo 

—_ eo 
24.6 27.3 (20 °C) 
_ 2.3 (25 °C) 
43.6 0.19 (20 °C) 
> 0.0015 (20 °C) 
4.7 oo 

3.6 oo 
36.6 co 

(55) oo 

= w0,001 (20 °C) 
28.4 0.047 (20 °C) 
14.4 w0.2(15 °C) 
72.75 _ 
28 0.013 (25 °C) 


7-95 77 | 21 
10.5 12 | 22 
4.3 —40 | 23 
= —22 | 24 
3.0 5 25 
25.0 11 26 
- - 27 
6.2 4.4 | 28 
41.2 - 29 
41.9 94 30 
43 160 31 
1.9 |—31 32 
32.3 6.5 | 33 
272 36 34 
18.4 miu 1 35 
35.5 90 37 
- <—1i2 138 
2.0 [+17 39 
18.6 18.8] 40 
— 25 41 
12.5 20 42 
>84 Does | 43 
not 
ignite 
a 78 44 
2.4 5 45 
2.17 | 30-37 | 46 
80 Does | 47 
not 
ignite 
2.4 20 48 
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Table 45 (continued) 


E. Extraction of Various Elements from Hydroch lorie, 


Hydrobromic, Hydroiodie and Nitrie Acids by an Equal Volume 
of Diethyl Ether 


fxtracted, % 








0 >< | ee 
1/234 569 ot et 
Hl normatity tn the aqueous phase HI normatity in the agueous pl 
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Table 46 


Separation of Organic Compounds 
A. Classification of Individual Compounds According to Their 
Behaviour under the Action of Some Reagents 

A test of the examined compound is consecutively treated with 
the following reagents: (a) distilled water, (b) diethyl ether, (c) 1.2V 
hydrochloric acid, (d) 1.5N sodium bicarbonate solution, (e) 2.5V 
caustic soda solution, (f) concentrated sulphuric acid, and (g) 85% 
plogphoria acid. 

_ These reagents are used to treat separate portions of the test in the 
given order. A test is considered to be soluble in one reagent or another 
if it dissolves upon shaking for two minutes at room temperature in 
a quantity whieh is 30 times greater in mass than the given reagent. 

14. Water treatment 


| 
Does not dissolve 


Dissolves : 
3. 4.2N HCl treatment 
| 


| 
2. Ether treatment 
| 


Dissol ves Does not dissolve Dissolves Does not dissolve 


| | | 
Group P, Group Pe Group O 
4, 2.5N NaOll treatment 
| 
sjeraneecaitdss temas ememngenamemematal 


Does not 


Dissolves 
dissolve 


| 
5, 1.5N NaHCO3 


treatment 





Nor S N and § 
is present are absent 
———S 
Dissolves Does not 
dissolve 
Group M 
: 6. Concentrated 
Group Ky Group Ke HySO, treatment 
l 
Dissolves Does not dissolve 
| I 
Group H Group | 
| 
7. HgPO, treatment 
| 
Dissolves Does not dissolve 


| | 
Subgroup Hy Subgroup Hoe 
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Table 46 (continued) 
B. Composition of Groups (see Table 46,A) 
(the chief compounds of every group are italicized) 


Group P, 


, . ‘ oms 
Mainly monofunctional compounds with five or less carbon at 
in a molecule. 


1. Presence of only C, H and O Nitroparaffins 
Alcohols Oximes 
Aldehydes and ketones 3. Presence of a halogen 


Carboryl acids Halogen-substituted comp- 
Acetals ounds “ epbgrauy I | 
Anhydrides 4. Presence o ds 
Ethers and esters Oxyheterocyclic S-compoun 
Some glycols Mercapto acids 


Lactones Thioacids 
Phenols (partially) 5. Presence of N and a 
2. Presence of N Halogenated amines, 4 
Amides nitriles 
A mines G. Presence of N_ and — 
Heterocyclic amines Aminoheterocyclic comp 
Nitriles 
Group P, 


e 
. - . ’ rT mor 
Substances having an average molecular weight, with two ¢ belong 
polar groups (except for sulphonic and sulphinic acids, whic 


; ole- 
mee P, group, although lier have only one polar group in a ™ 
cule). 


1. Presence of only C, H and O 


Dibasic and polybasic acids 

Hydroxyacids 

Polybasic alcohols 

Polybasic phenols 

Simple carbohydrates 

Presence of metals 

Acid and phenol salts 

Various metal-containing com- 
poun 


3. Presence of N 


mine and organic-acid salts 
mino acids 


Ammonium salts 
mides 


ines 
Amino alcohols 
Semicarbazides 
Semicarhazones 
Ureas 


6. Presence of N and 


. Presence of N an 


4. Presence of halogens 


Tlalogen acids 

Acy! hee. el sn ( 
of hydrolysis al- 

Halogen alcohols, haloge” 
dehydes, etc. 


as @ result 


-. Presence of S 


Sulphonic acids — 
Alkyl sulphonic acids 
Sulphinic acids . haloz® 


. sa 
Amine and halogen-acid 


Aminodisul phinic acide pases 
Hydrosulphates of A 
Cyanosul phonic ay 
Nitrosulphonic acids 
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Table 46 (continued) 
Group O: Bases 


Diaryl- and triaryl-amines, and also carbazols, belong to the 
M group. In addition to the listed below the O group includes a smal] 
number of oxygen-containing compounds which form oxonium salts 
when treated with HCl. 
Amines (Amines with sufficiently | Amphoteric compounds (amino- 


strong negative components phenols, aminothiophenols, 
belong to the M group) aminosulphoamides) 
Amino acids Aryl-substituted hydrazines 


N-Dialkylamides 


Group Ay: Strong Acids 


1. Presence of only C, H and O_— 3. Presence or S 


Acids (usually, the number of Sulphonic acids 

carbon atoms in a molecule Sulphinic acids 

is less than 10) 4, Presence of halogen 

2. Presence of N Halogen acids 

Amino acids Polyhalogenophenols 
Nitro acids 5, Presence of N and S 
Cyano acids Aminosulphonic acids 
Heterocyclic nitric and carbo- Nitrothiophenols 

xylic acids Sulphates of weak bases 
Polynitrophenols 6. Presence of S and halogens 

Sulphohalogenides 


Group Ag: Weak Acids 


1. Presence of only C, H and O Nitroparaffins, primary and se- 
Acids (high-molecular) condary 
A nhydrides Trinitro aromatic hydrocar- 
Phenols (including esters of bons 
phenol acids) Ureides 
Enols 3. Presence of halogens 
2. Presence of N Halogenophenols 
Nitrophenols 4, Presence of S 
Amides (including N-mono- Mercaptanes 
alkylamides) Thiophenols 
Aminophenols 5. Presence of N and_ halogens 
Amphoteric compounds Polynitrohalogenated aroma- 
Cyanophenols tic hydrocarbons 
Imides Substituted phenols 
N-Monoalkyl aromatic umines 6. Presence of N and S 
N-Substituted hydroxylamin- Aminosulphonamides 
es Aminosulphonic acids 
Amino acids Aminothiophenols 
Oximes Sulphamides 


Thioamides 
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Group M 


Neutral compounds cuntainin 
a few of them are distilled wit 


Table 46 (continued) 


e nitrogen or sulphur. Only 


vapour. 


(Only the most common classes are given) 


1. Presence of N 
Anilides and toluidides 
Amides 
Nitroarylamines 
Nitro hydrocarbons 
Aminophenols 
Azo, hydrazo and azoxy com- 

pounds 

Di- and tri-arylamines 
Dinitrophenyl hydrazines 
Nitrates 
Nitrites 


Group H 


2. Presence of § 
Mercaptanes 
N-Dialkyl sulphoamides 
Sulphates, sulphonates 
Sulphides, disulphides 
Sulphones 
Thioethers 
Thiourea derivatives 

3. Presence of N and S 
Sulphamides 

4. Presence of N and 
Halogenated amines, 

nitriles 


halogen 
amides, 


Neutral compounds not containing nitrogen and sulphur. Distilled 
off with vapour. The H, subgroup includes compounds containing 10 


more than 7-8 carbon atoms in a molecule; 
the remaining compounds of this group. 


Alcohols 
Aldehydes and ketones 
Esters 
Ethers 
Unsaturated hydrocarbons 
(Acyclic unsaturated hydrocar- 
bons and the cyclic unsaturated 
hydrocarbons which easily 
srs) 
Aceta 


Group I: Inert Compounds 


Hydrocarbons (including most 
cyclic hydrocarbons and all 
i acyclic hydrocar- 
ons 


the H, subgroup contains 


Anhydrides 

Lactones = 

Polysaccharides (they carboniz 
in concentrated H,SO,) 


Halogen derivatives of hydrocat- 
ons 
Diaryl ethers 


Compound | Group 


Acids 
n-Butyric Py 
Chloroacetic P, 
a-Chloropropionic P, 
Crotonic P, 
Isovaleric P,-K, 
Valeric K, 
Alcohols 
tert-Amy] P, 
Benzyl H, 
n-Butyl P, 
Cyclopentanol H, 
Isoamyl] ; a P,-Hy 
Isopropyl methy 
carbinol P,-H, 
Aldehydes 
n-Butyric P,-H, 
Isobutyric P, 
Isovaleric H, 
Amides 
Acetamide P,-P. 
Acetanilide M 
Butyramide P.-M 
Formamide P,-P; 
Formanilide Pi-M 
Isobutyramide P,-Ps 
Propionamide P,-P. 
Ethers 
n-Butyl H, 
Diethyl P,-H, 
Diisopropyl H, 
Ethyl isoprepy! P,-H, 
Ethyl methy P, 
Aromatic 
hydrocarbons 
I 
Cymene 
Diphenyl methane Bayt 


Naphthalene 
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Table 46 (continued) 
C. Various Organic Compounds Belonging to the Main Groups 


| Compound 


1,2,3,5-Tetrame- 
thyl benzene 
(Isodurene) 

1 ,3,5-Trimethyl 
benzene (Mesi- 
tylene) 

m-X ylene 

o-X ylene 

p-Xylene 


Amines 


n-Amylamine 
Aniline 
Benzylamine 
Diethylamine 
Di-n-butylamine 
Di-n-propylamine 
Isoamylamine 
Piperidine 
Tri-n-propylamine 
Esters 


Benzyl acetate 
n-Butyl acetate 
sec-Butyl acetate 
n-Butyl carbona- 
te 
n-Butyl formate 
n-Butyl oxalate 
Ethyl acetate 
Ethyl benzoate 
Ethyl caprylate 
Ethyl carbonate 
Ethyl malonate 
Ethyl oxalate 
Ethyl phthalate 
Ethyl succinate 
Isopropy! acetate 
Methyl] carbonate 
Methyl isobutyra- 
te 
Methy] isovalerate 
Methyl malonate 
Methyl propionate 


Group 
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Table 46 (continued) 


Compound | Group | Compound 


‘n-Propyl acetate 
n-Propyl formate 


Nitriles 
n-Butyronitrile 
Isobutyronitrile 
Propionitrile 

Ketones 


Acetophenone 
Benzophenone 
Benzyl! ketone 
Cyclohexanone 
Cyclopentanone 


Di-n-butyl ketone | 


Ethyl methyl ke 
tone 


Isopropyl methyl 
etone 


D, Widespread Com 
to Foresee 








P,-Hy 
P, 


Methyl-n-propyl 
ketone 

Pinacoline 

Succinonitrile 

Trimethylene cya- 
hide 

Nitro compounds 


Nitrobenzene 
Nitroethane 
Nitromethane 


Phenols 


Chlorohydroqui- 
none 
Hydroquinone 
Phenol 
Phloroglucinol 


Group 














P,-H, 
P,-Hy 
P,-P,-M 


P.-M 





pounds Whose Belonging to a Group Is Dfficult 








Compound Group Compound | Group 
aaa . E Sine 
Acetal P,-H, tert-Amyl alcohol Py 
Acetamide P,-P, n-Amylamine Pi 
Acetophenone Hy, Aniline O 
Acetoxime P, Anthranilic acid K,(O) 
Acetyl piperidine P, Azelaic acid Ky 
ipic acid K, Barbituric acid Ky 
yl acetate P,-H, Benzene sulphi- 
Allyl alcohol P, nic acid ; P,-Ky 
B-Aminoethyl al- Benzene — sulpho- 
cohol Py nic acid Ps 
a-Aminoisobuty- Benzidine O 
ric acid P, Benzoyl] acetone Hy 
m-Aminophenol Pi-P-K,_ || Benzoyl carbinol Py 
0-Aminophenol Pi-P-Ky_ || Benzyl alcohol Ay 
p-Aminophenol K, Benzylamine Py 
o-Amino-p-valeric Benzyl _malonic 
‘. on a ni :* 
-Amyl alcoho 
seedsteyl ches . hh Benzyl salicylate 2 


wth; Biuret P,-M 


= 
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Table 46 (continued) 





Compound | Group | Compound Group 
Bromal P; Diethylamine P, 
a-Bromopropionic B-Diethyl amino- 

acid P,-K, ethyl ether P, 
n-Butyl acetate H, Diethyl barbitur- 
sec-Buty! acetate H, ic acid Ke 
n-Butyl alcohol P, Diethyl ether P,-H, 
n-Butyl carbonate 1i,-H, Diethyl ketone P,-H, 
n-Butyl ether H, Dimethyl acetal P,-H, 
n-Butyl formate P,-H, 2 ,4-Dinitroaniline O-M 
n-Butyl oxalate H, Di-n-propylamine P,-O 
n-Butyraldehyde P,-H, Diphenyl methane Ij,-I 
n-Butyramide Py Dioxane Pr, 
n-Butyric acid P, Durene (1,2,4,5- 
n-Butyronitrile M Tetramethy! 
n-Butyryl chloride P,-H, benzene) He, 
Camphor H, Ethyl acetate P,-H, 
Carbon  disulphi- Ethyl acetoacetate P, 
de M Ethyl benzoate THe 
Chloral P, Ethyl carbonate P,- 
f-Chloroethyl ace- Ethyl lactate P,-H, 
tate Il, Ethyl malonate : 
Chlorohydroquino- Ethyl mercaptan P,-M 
ne P,-Kg Ethyl] methyl 
a-Chloro propionic ether P, 
acid P; Ethyl methy! ke- 
Citric acid P, tone P, 
Cyanoacetic acid P, Ethyl nitrate P,-M 
Cyclohexanol H, Ethyl-o-formate P,-H, 
Cyclohexanone P,-H, Ethyl oxalate P,-H, 
Cyclohexy! aceta- Ethyl phthalate H, 
te Hy Ethyl! salicylate Ky 
Cyclohexylamine P, Ethyl succinate Hi, 
Cyclopentanol Hy, Ethylal P,-H, 
ymene I Ethylene diamine P. 
Diacetone alcohol P, Ethylene giycol P, 
Dibenzoyl metha- Formamide P,-P. 
ne H, Formanilide P,- 
a ,B-Dibromopro- Fumaric acid K, 
ionic aci P,-K, Furfuryl alcohol P, 
2.8-Dichlorohydro- Glutaric acid P, 
quinone Ky Glycerin P, 
a ,a-Dichlorome- Glycin Py 
thyl ether Py Guanidine P, 
2,6-Dichloro-4-ni- Hydroquinone Py 
troaniline M 


ees 


23— 1845 
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Table 46 (continued) 


Compound | Group | Compound Group 


Sti ee eee 


p-Hydroxybenz- 


Methyl] isovalera- 
te 


aldehyde K »-H, Hy 
o-Hydroxybenzyl Methyl levulinate P,-H, 

alcohol] P,-K, Methyl malonate P,-H, 
Indene H, Methyl-n-butyrate P,-H, 
Indole M Methyl nitrate P,-M 
Isoamy] alcohol P,-H, Methyl-n-propyl 
Isoam ylamine P, carbinol Hy 
Isoamyl] salicylate K.-H, Methyl-n-propyl 
Isobutyl formate P, ketone P,-Hy, 
Isobutyramide P, Methyl-o-formate P,-H, 
Isobutyric aldehy- Methyl propionate l 

de PB, m-Nitroaniline O 
Isobutyronitrile P,-M o-Nitroaniline O-M 
Isobutyryl chlo- p-Nitroaniline O 

ride P, Nitroguanidine K-M 
Isodurene (1,2,3,5- Nitromethane P,-Kg 

Tetramethy]- p-Nitrosodiphe- 

benzene) H, nylamine K-M 
Isopropyl acetate P, Nitrourea K-M 
Isopropyl methyl Oxamide M 

etone P, Paraldehyde P)-Hy 

Isovaleric aldehy- Phenol P,-Kg 

de H, Phenoxyacetic ; 
Isovaleryl chlori- aci P,-Ky 

de P,-H, m-Phenylenedi- 
Lactic acid P, amine P\-Ps 
Maleic acid P,-P, o-Phenylenedi- 

alonic acid P, amine P,-P2 
Mandelic acid P, p-Phenylenedi- 

Mesitylene H, amine Po 
esityl oxide H, Phenyl hydrazine O° 
N-Methyl — acet- Phloroglycinol Po-Kg 
anilide O-M Phthalic acid M1 

Methyl acetoace- Phthalic anhydri- 
ate P, de Hy 
Methylal P,-H, Phthalimide Kg 
N-Methyl benzyl- Picric acid Ky 
amine O Pimelic acid P,-Ky 
Methyl carbonate P,-H, Pinacol Pi 
Methyl chloroace- Piperidine Py 
ate P,-H Polyoxymethy- 
Methyl citrate P,-H, ean J ; Py-H, 
methyl isobutyra- Propionamide P;-P2 








Compound 


| Group | Compound 





Propionitrile 
Propionyl chlori- 
de 
n-Propyl acetate 
n-Propyl formate 
Propylene glycol 
Protocatechuic 
aldehyde 
Pyridine 
Pyrocatechin 
Pyrrole 
Resorcinol 
Sebacic acid 
Succinimide 
Succinnitrile 
Sulphanilic acid 
‘Triacetin (glycer- 
in triacetate) 
2,4,6-Tribromoani- 
line 


— 





2 ,4,6-Tribromo- 


phenol K, 
2,4,6-Trichloroani- 

line O-M 
2 ,4,6-Trichloro- 

phenol K, 


Tiseeenye ane gly- 


co P, 
Trimethylene cya- 

nide P,-M 
Tri-n-propylamine O 
afi rn gu- 

anidine O-M 
Urea P, 
Vanillin Ky 
n-Valeric acid K, 
n-Valeric aldehyde Ay 
Xylenes H,-1 





23* 


306 


QO dnoiy | | 
| 
iayyo Jo yo SuITTHSIp om UOIITOS JoyeAA UWOLyNpos 10y4q 
puet€oo*y yy SutArp ‘io | | 
-Y90 UPA WOTPILIZXS ‘FIORN | 


NP YA Uorjeztyeyye WSIS HOPN NZ WIA ‘nage L 
| 


UOTINIOS IOJBAA UOTIN[OS JOYA y.UOIMNjOS ,xonpisey 
| 
IOH ANF Yi UorjoBI}xe joueyyeu YyIA 
bq dnosy pue Joyje UT UOIyN[OS ‘g = %q dnoiy a i 


| | | 
WOIyNTOS enpisay 


uoTyN}os anprsey 
Ld 2 
| 


| 
JOyBAL [LAL WOTjORI}xa Jd}BM YTA WOTjOBI}xXe 
pue Joye Jo yo SuI[NStp ey, *c pue Sureay Aq Jaq,O Jo [eaAoMay “¢ 
| 


| 
anpIsey 


UOTINTOS Ivy3q 
| 


J9y19 YYWA Gory ouyxY *Z 


(19384) aAOUIaI) anpIsey 
Se eee ee 
| 


(Do 00 > 2) Spunoduioo af1e]0A yo yo SU[MsIp ey. *F 
ainixripy 


(panuzju02) OF 21901 


Do OOF Moleq 
St qurod JSurjtog ssoyA 
suoqieo0rpAy ot,oA9 Jaq}0 
ewos pue eusezueq ose 
pue ‘a[noeyour & UT su0ze 
uoqied ssayT JO aAg YA 
sdnoid [[@ Jo spunodurop 
| 
97e[[TISIq 


saiInjxIpy jo uonesedag ‘gq 


397 


48a} 943 JO Jued v Suysn FOSeH pajyesjUIIDUOD JO pye 
gouosaid ay, “spoyjew yeyjO puv ‘uOTN]|OS FOSHEN pezeinjzes 9} Aq sauojaqy pue sapAyopie Suypuld “H dnois jo spunoduros 
ayy} Surzypyxo ‘dnojs sy 0} Suojaq YOJUM SpuNnodUWIOD Yj JO SsaUjJOUy ey 
‘soutwie AO] AOA ‘sop]]jue puke sepywie ‘sfoudt] 

pue -Sxofjod ewos ‘spjoe o1jeWlOse 1940 Ma] L ‘sploe OJOzUNqO1}]UIp Puke -OWOIG|P VWOS suyeqUOD APU UOTINIOS SIUL ¥e 
‘quOUINbDusyIue JO SaATeAOp OUIOS ‘svain|AOZUq .pue -]Azuaq ‘sop}Wy pue saprwe Mo) Be ‘spjoe oyuOqd[ns 
pojnz}Isqns-ou]We sWOs ‘OUGIeIYJUL JO SBAPJLATJOP UISO[VYIp swWOos ‘sadA} pouoTjUsWaJOJe 9Y] JO Spunodurceo Osj]uUj13 AUeU +804 
-}WeAlJap pyoe pue -Axo ‘-Ouyme say] pue suoquvooOspAY O1JeWOIN JO SBA} 


Fy dnoiZ jo sproe Suoyg = Fy dois jo 
| yy duels odeI 

YO pe][MsSIp St Joyo -oAe JO sproe 
‘tosten WIA pelip pure sjousyd 


SI yoRlyxo ‘10oyyO YI poynqziysqns 
poyoeiyxe ‘(enjq jour -A]OATWeZON 
-kyi) }=Hd 07 peytp | 

-198 ‘palooo ‘emIN]OA oY} yo pa] 


jyey 07 dn poyeirodeag “py -]HSIp St 10494 
| | 
UOTNOS 19ze AK UOTINIOS JeyIq 
eee 
| Sy dnoiy 
Joyo YI | 
poyoesjxo puke esuvIO0 = JO: pay] lqsip 
jAyyaur jo eoueseid = SI Joya ‘"OS*BN 
oy} Ul pagiproy “OF WA peng 
| | 


UOI{NTOS 19zeAA UOIYNIOS OY I] 


| 
19439 YA poyovijyxo puv —Jeded onyq 
jowAYyjowo1g —JO}eOIpul [eUle}xe 
ey} JO aouesaid oY. UI pozijeIyNeN °6 


] pue y{ sdnouy W dnoig 
| | 


wh FO [ [TST enpisey 


[| 


| 


modea 
YA Jo Sur[ysiq 
| 
J] pue FY ‘W sdnoy 


| 
Ioy4e 
JO yO SUIT[I4SIP ey} pue UOTZeWURD 
-op ge WMNIpos yyIA\ SuarAsp 
‘HO®8N _ ysea 07 pesn J9JeAy “8 


aq} WIM paurwejap aq uvo J dnosd jo 


4 JO opeul oq ued SN ‘J dnous ajeivdes"O], xe« 


douywe Maj e ‘soujjoujnb pue sauournbouyuedjod 


yea 1op-03}1UIp AUC :UseIUOD ALU ANPISe! SIUL « 





Table 47 


Substances Used for Drying 
A. Drying of Gases 


eee 


Amount of steam, 
mg, remaining in 


Substance Character istics siasind Teta tai 
of 1-5 l/h; 
t=30.5 °C 

CuSO, Anhydrous 2.8 
CaCl, Granulated; average com- 1.5 

position: CaCl,-H,O 
CaCl, Technically anhydrous; 1.2 

average composition: 

CaCl, -1/4H,O 
ZnCl, tick 0.98 
Ba(Cl0,), Anhydrous 0.82 
NaOH Stick 0.80 
CaCl, Anhydrous 0.36 
Mg(Cl0,). -3H,O —e 0 * 031 
KOH Stick 0.014 
Silica gel — 0.006 
CaSO, Anhydrous 0.005 
CaO 0.003 
H,SO, 100% 0.003 
Mg(C1O,), Anhydrous 0.002 
Al,0, _ 0.001 
BaO — 0.0007 
P.O; —~ 


0.00003 
B 


. Drying of Liquids 


Liquid | Drier 


Acids Na,SO, 

Alcohols K,COs, CuSO,, Cad, Na,SO, (but not 
CaCl,, CaC,) 

Aldehydes CaCl,, Mg(ClO,), 

Amines NaOH, KOH, K,CO, (but not CaCl.) 

Bases KOH, K,CO,, Ba 

Carbon disulphid ¢ CaCl,, Mg(ClO,), 

Ei Cath, Was Cae RC, Mg(ClO4) 
a ’ a, ’ ’ 

Hydrazines K,CO Siidisdnialinesien 


ydrocarbons CaCl,, Na, CaC,, Mg(ClO,). 
paogen-derivative CaCl,, Mg(ClO,), (but not Na) 
Ketones K,CO,, CaCl, Mg(ClO,). (for higher 
ras ketones) 

itriles 


Nitro com aa 2 
Phenols meen Na. NaS. Mg(Cl0O,),. 
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Table 48 


Preparation of Hygrostats 


_ Relative pressure of water vapour over mixtures of solid salts 
With their saturated aqueous solutions, over mixtures of anhydrous 
salts with their hydrates and over mixtures of two differing hydrates; 
Water vapour pressure at a given temperature is taken as unity. 


Temperature, °C 
ears: eae aneenie aa ee 
Mixture 10 | 15 | 20 | 25 | 30 
Bide Ba ee Set Pee 


relative water vapour pressure 


eee — | = oe | — | = 
ar — | — 005 | = | = 
re. _— — 0.06 — — 
CaBr,-6H.O .....--- 0.231 0.21| 0.19 | 0.17 | 0.45 
he > 0:38 | 0.35 | 0.32 | 0.29 | 0.26 
KiCO-2H.0 1.0.28 02 |} — | 0.44 10.45] — 
Ca(NOg),-4H,O 9... 0.65 | 0.60} 0.55 | 0.50 | 0.45 
aBr-2H,O. .. 1... 063 | 0.61 | 0.59 | 0.57 | 0.55 
BENG, ca ews se wwe 0.69 | 0.66 | 0.63 | 0.60 | 0.57 
Ne coe ak es em 0°75 | 0.75 | 0.75 | 0.75 | 0.75 
a sencemn mn 0:77 10.76| 0.75 | 0.74 | 0.73 
hy ween ER = | 0.88 0.85 0.85 
W80,-4090 . a es — 10.9 78 
Na,CO,40H.O |... --- — | — | 0.91 | 0.89 | 0.87 
RNG.” og wc a SS — | — | 0.95 | 0.94 | 0.94 
Na,B,0,-40H,0 ....-:-> —_|— | 6) — | — 
MgCl, + MgCl, -2H,0 — — 0.0005} — a 
ae + KOH-H,0 ...+-: —|= | ce |} — 0.02 
a CaCl, -H,0 — | — =) 
Na,SO, -- Na,SO,-10H,0 0.69} 0.72| 0.76 | 0.80) — 
ee + NaOH 1,0 — | — | 9.03 cae) = 
Nal Pues em 2 8 — |o42} 0.43 | 0.44 | 0.45 
Na,CO, + Na,COs-H,O .- +4 — | — ~~ |o20) — 
Na,B,0, -- Na,B,0,-5H,0 — |=) Dee fw | 
Na,HPO, 4- Na,HPO,-2H,9 — | 0.27; 0.28 | 0.29] — 
NaBr + NaBr2H,0 |. . - -| 0.30] 0.32) 0.34 | 0.36 | 0.38 
CaCl, -H,O + CaCl, -2H,0 _— , = on — 
CaCl, -2 re CaCl, 61,0 | 0.21] 0.21] 0.22 | 0.22 | 0.23 
Na,.B,0, -SH,O -}- Na.B,0; x 0 39 
we 10H,O ce N “WPO,X _— jee: ’ — — 
agHPO4-2H20 + Nast. | 0,50 | 0.53 | 0.56 | 0.59 | 0.62 


Na,HPO,-7H,0 + 


Na,C0,-H,0 + Na,00s 101120 0.66 | 0.69 | 0.72 | 0.76 
%18H.O ss x 
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Table 49 


Principal Organic Reagents 


Abbreviations used: grav. for gravimetric analysis; vol. for volu- 
metric and similar analyses. In cases of gravimetric and volumetric 
one atom of a metal is given in parentheses in the sixth column. 


A. In the Alphabetical Order of the Reagents 












Synonymous names 


a ee ae 


{ Alberon Dichlorosulphod i- 





CH; CH; methyloxyfuch- 
HO. | | oo sone dicarboxylic 
\4AN /F¢ acid; chromoxane 


pure blue dye 
BLD 


Hooc’ \“N¥\7\ coon 
| 
OC 
\/Nsg0.H 
ee oe 
Alizarin 4 ,2-Dioxyanthra- 


O OH quinone 








Alizarin Red § Alizarin S; sodium 


: ‘“ alizarin ma ae 
nate; 41,2-dihyd- 
COCK mo | ESERaE” 
-H.O ne-3-sulphon) ¢ 
\ 2 ¥ r 
WY Y \A \g02Na acid, sodium salt 
O 





361 


metric analysis; phot. for colorimetric, spectrophotometric, fluoro- 
eterminations, the number of molecules of a reagent bounded with 





Molecular weight 


Elements being determined Method 
M log M 
a Swe OE. cd a 
039.35 73 188 Be?t+, Al§+ Phot. 


240.22 38 064 Al3+, zr’, Th’, F- Phot. 





Al3+, zrt¥, ThtY, Gas+, Phot. 


360.28 | 55664 
F-, Tit’, UO}* 
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Reagent 





eeeseeSFSFSsST ee i el 


4 Aluminon 


HO 
\AN AV 79H 


4~\ 
ll Il 


‘/ ScoonH, 


Se, we ee a 2 


9 | Anthranilic acid 
COOH 


6 Arsasene 
AsO3H2 
) ee — 
{—)~ N=N— . -NH-N=N-4_5-Nop 
7 Arsenazo I 


AsO(OH), OH OH 


ae (1 
¢y/* ASX 


7 Na0,S7 S“\7\go.na 
8 | Arsenazo III 
@ a 


| I 
/\/ 
(HO),0As% N/N\As0(0H)o 


HOS” \/\7\g0,4 


M 


+ REL fae-earth elements Ganthanolds, ¥ and $6). 


RE: rare-earth elements (lanthanolds, Y and Sc). 


Synonymous names 


Ammonium salt of 


aurine  tricarbo- 
xylic acid 


o-Aminobenzoic 


acid 


1”, 4-Diazoamino- 


1,1’-azobenzene- 
4”-nitrobenzene 
arsonic acid-2 


Benzene-2’-arsonic 


acid-(1‘-azo-2)- 

1 ,8-dihydroxyna- 
phthalene-3,6-di- 
sulphonic acid, 
disodiuin salt; 
uranon 


Benzene-2’-arsonic 


acid-(1’-azo-2)- 
benzene-2”-arso- 
nic acid-(1”-az0- 
7)-1,8-dihydroxy- 
naphthalene-3,6-, 
disulphonic ac! 
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Table 49 (continued) 





Molecular weight 





- log M Elements being determined Method 
pn 
473.45 | 67528 | AlS+, F-, Be?+ Phot. 


i a nn se 


137. 2+ Cott, Cut, Hg?*, Mn+, Grav. 
37.14 | 13716 a shee, dost thn te 


form of MeRg) 


470.28 | — | Pb*, Zn*+ Phot. 


992.30 | 77254 | Al3+, Be*t, CelY, Ins+, NbY, | Phot. 


RE*, TaY, THY, TiY, 
voz, VIY, zt 


CelY, HfY, NptY, Pa’, Phot. 
pul’, RE*, Th’, Ut, 
voz, zZriY 


776.38 | 89008 


304 



























No. Reagent Synonymous names 
9} Azo-azoxy BN 2-[2”-Hydroxynaph- 
thalene-(1"-azo- 
<* 0 2’)-phenylazoxy]- 
an N=N OH 4-methy!phenol 
= t : 
\/ . if 
CH; 
Sr eee ee Be 
10; Bathophenanthroline 4,7-Dipheny]-1-10- 
HsCa, fa /Solls phenanthroline 
rs > 
=N/ \w=/ 


11| «-Benzoin oxime 


Cupron 
¢ \S—c_cH -<\S 
— | = 
HO—N OH 
12| a-Benzyl dioxime a-Dipheny! dioxime, 
<> c— c be YN nickelon 
HON NOH 


13} Beryllon II 3,6-Disul phonaph- 


NaO3S SO2Na thol-(8-azo-7')-1’, 
OY” pied 
isulphonaphtha- 
¥ \4 lene, tetrasodium 
N On -4H,0 _ 
HO OH 


nop) 





\g03Na 
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Table 49 (continued) 


Molecular weight 


| = | hee Elements being determined Method 
398.43 | 60035 Ca*+ Phot. 


[i | Nernst 
350.44 | 54461 Fe2+ Phot. 


ie es ee ee ee 
227.27 | 35654 Cu2+ (in the form of MeRg) Grav. 


ce ee oe 
240.27 | 38070 | Ni2t (in the form of MeRg) | Grav. 


810.58 | 90 882 Be2+ Phot. 


a Semmens 


ee 


No Reagent Synonymous names 


2 eee 


44| Bis-salicylalethylenediamine _ 


\/\cH =N—CH,—CH,—N=HC’ 


ne  e—=—Ege 


15| Brilliant green 


— 





+ 
C.H;).S0,H- 
eee AN aa 2Hs)2504 
ove 
| 

() 

7 
fh a ae 
16| Bromobenzothiazo nal 

HO 
| | Sn=n—¢ \ 
_ 9/ Si al? 
Br’ SA 4 
X_ F 
ee 
| Brucine Co3Hog0,No — 
Ne me ial 
18] Cadion p-Nitrop many = 
_ _. zoaminobenze- 
pet te _S ne-p-azohenzene 
H 
a. 
en ee | - 
19] Cadion S (water-soluble) = 
ree 
ls =. See, ee t W 
ON-¢__S-N=N N ¢_S-N=n-¢_S—soaNa 


If 


aaa ee al 
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Table 49 (continued) 
————E———— ee aa 
Molecular weight 


M log M Elements being determined Method 
ee i a on 
968.32 | 42865 Mg?t Phot. (lumines- 
cence) 


ee 
482.65 | 68363 | SbY, TI3+, Zn** Phot. 


|. |. __ ee ee 
372.25 | 57083 Cd?* Phot. 


| 34.48 59 603 | NO3 Phot. 


346.35 53 952 Cd2+ Qualitative 
(phot.) 


2 a a 
550.46 | 74073 Cd?+ Phot. 
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No Reagent Synonymous names 





ili 3, 4, 5-Trioxyben-| 
20 : — bee dr rll 
\ benzoic acid 
HO ~~ S- C—N— 


| | 
HO O H 


Carboxyarsena:o 


4 _ coor 
¢_ 7 COOH 


2-Phenylcarbexylic 


acid-(1-az0-2’) 
coon =HO Z ASOLO: 1’,8’-dioxynapht- 


ye halene-3', 6'-ai- 
€ S-N=N ~~ S-N=n-€_S | sulphonic’ acid- 


= (7'-azo-1") " 
Nad,s7 S% \FNg0,Na >” -phenylarsoni¢ 
acid, disodium 
salt 
S ne i aa © 


22! Carminic acid 


— 


bf pp — (CHOH), —CH, 
HO” N/N/\7 Non 
HOOC O OH 


aa i a 


23| Chromotropic acid, disodium salt 4, 8-Diox ynaphtha- 


gt gc, a 
HO OH lene-3, 6-disulp® 
| | onic acid, diso 
ON / dium salt 
| 
Nad,s% “/\Z \s0sNa 


24} Complexone III 
HOOC-CHz 
N-CH2—CHo-N 
NaOOC-CH2/ _ 


EDTA (sodium 


ethylene- : 
7fH2-Coona | Gy etotraace 
CH2-COOH tate, trilon ol 
versene, ciié 
ton 3) 


* RE: rare-earth elements (lanthanoids, Y and Sc). 


roms 
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Table 49 (continued) 


AF 


Molecular weight 
— Elements being deterinined Method 


M log M 


989.25 | 464126 | Til’ Phot. 


——————E———— 
740.30 | 86941 | Ba®, SO Vol. 


ee ee Le 
492.40 | 69232 | BY Phot. 


364.27 | 56442 | THY, crv? Phot. 


336.22 | 52663 | Catt, Mg**, Ni**, Cur Agt, | Vol. 
Au3+, Pd?*, Co*t, vi¥, Bist, 
Gast, In**, Sn2t, RE*, ‘Set, 


Hg a+. T1S+, Fe2t, Al5+, F 


the form of ‘MeR) 
ai Co?*, Mn?* Phot. 


241845 
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N Reagent Synonymous names 
0. 


i nih anal 
25] Crystal violet = 


+ 
1 : mg 
(CHa)aN AA J ~N(CHa3)2 
\ G4 
Wey . 91,0 
| 
' Oy 
bi 
N(CH3)2 
ee tc tefl 
Ni henyl- 
26| Cupferron vo heen 
{= _nZ ammonium salt 
\N_4 Nong 


27! Curcumin Bis-(4-hydroxy-3- 
= | Sos 
att 
ba CH=CH Ne, OH 
\co—cH =CH—-¢" > OH 


Nocn, 
7d Gee en; ee a 


28! Cyclohexane diondioxime-t,2 


Nioxime 





29 Diallyldithiocarbamidohydrazine 


C3H;NHCSN HNHCSN HC3H; 


371 


Table 49 (continued) 


ee eT eee 
Molecular weight 





Elements being determined 
M log M g Method 
DF NE ee SS 


570.44 75598 | SbY, Zn®+, T13+, Cd2+, Hg?+ Phot. 


ee eee 


455.46 | 42078 | Al3+, Bi3+, Cu*, Fes+, Gast, Grav. 
NbY, SnlV, Ta’, TilY, Th’ | 
vy, ar'V, u!Y (in the form 
of MeR,, where rn is the 


valency of metal; or the pre- 
cipitates are calcined to the 


oxides) 
eA ee 
368.39 | 56631 | BUT, Be*+ Phot. 


442.16 | 415278 | Ni®+, Fe®+, Pd? Phot. 





| 230.36 | 36241 | Cut, Pb*+, Zn*+, Ni*+, Agt Grav. 


24* 
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No. Reagent Synonymous names 





Tetraaminodiphe- 
nyl 







32] 2, 7-Dichlorochromotropic acid 1, 8-Dioxy-2, 7-di- 
HO On p , 8-Dioxy-2, 


| | i en ed 
a ne-3, 6-disulpho- 
ry 2H.0 nic i diso- 
as dium salt 
Na0,s7 \/\7\go,Na 







33 p-Dimethylaminobenzylidene rhodanine 
HN —C=0O 
| 


| 
Cc 6C 






i™% = 
S CH —<>- N(CHs3)o 
34 p-Dimethylaminophenylfluorone Dimethyl fluorone; 
HO, ‘ 2, 6, 7-trioxy-9- 
NANA (4’-dimethylami- 
} | nopheny])-3-fluo- 
Ho7% \cF\4 Nou rone 
| 
Oj 
7 
| /CHg 
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Table 49 (continued) 


Molecular weight 


Elements being determined Me 
M log M . ae 


214.28 | 33098 | Sel¥ Phot. 


388.48 | 58937 | Cd2t, TITY, Fe3+, Bi3+, Co%+ Grav. 


i —————————— 


469.18 | 674134 | Til’ Phot. 


264.38 | 42223 | Agt, Aut, Hg?*, Pd**, Cut Phot. 
Agt, PtlY, CN- Vol. 


a a: neem 
363.37 | 56035 | TaY Phot. 
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No. 



















Reagent Synonymous names 
ee a: ae 
5| Dimethylglyoxime Diacetyl dioxime, 

: , —C—C—CH Chugaev's rea- 
at tn, gent 


36| Diphenylearbazide 1, 5-Diphenylcarbo- 


HN—NH—C—NH—NH hydrazide 
| | | 

O ° () 

\/ \7 


37| Diphenylcarbazone 


HN—NH—C—N=N 
| 


58 








Dipicrylamine 


Hexanitrodipheny- 
we am lamine 
ON-< p- NH—€">- NO, 
NNO, 0,N/ 


39] 2, 2’-Dipyridy] a, «’-Dipyridyl 


40} 2, 2'-Diquinoly] 2, 2'-Diquinoline; 
Y/N I NSN G 
‘Nf \/ NF 


es a = 
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Table 49 (continued) 


as es TE, 
Molecular weight 





Elements being determined Method 
M log M 
ee ee ee 


116.12 | 06491 | Ni2+, Pd?+ (in the form of Grav., vol., 


MeRa) phot. 
Fe2t, Co?+, Cu2+ (together with | Phot. 
pyridine) 


a 


242.29 | 98433 | CrY!, Hg?+, Pb?* (indirect), Phot. 
(Cd?*) 


240.27 | 38070 | Hg®t, Ag* Phot. 


en ee 
439.23 | 64269 | K+, Rbt, Gst (in the form of | Grav., phot. 
MeR) 


ee 
156.19 | 19365 Ie?! Phot. 


256.30 | 40875 | Cut, (TiS*) Phot. 
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No. Reagent 


Synonymous names 








41} 8, 8’-Diquinolyldisulphide 


ee OW 


LAA a 


42| Dithiol {-Methyl-3,4-di- 
CH; mercaptobenzene 
+ 
bid = 
SH 


Dipheny|thiocar- 
1. CANE bazone 
a S A 
| V \/ 
(0 Heenan ee: eee 





/ ll | 
O HO—N N—OH 


i Oe 


46 ae - 2-Hydroxy-$-o8 

ore es ate 
166 tiylamine 3" 
HO.% S“\Z\ — 20 6'<disulphonic 
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Table 49 (continued) 


Molecular weight 


M log M 


Elements being determined Method 


320.44 | 50575 | Cut Phot. 


2 ee a 
156.27 | 19388 | Sn?+, WY, Mo%? Phot. 


oe ee Seemeeeeeenenrnreme nn ees 








256.34 | 40882 | Agt, Bist, Cd?+, Co?*, Cu**, Phot. 
H a+, Pb*t, Zn**, Ni**, 
In3+, T1+, Sn** 
Ue ee EE 
0.46 67252 | AlS+, Be**, griY, F- Phot. 
238.91 | 37696 | Ni2+, Pd?* (in the, form of Gray., phot. 


MeR.), PttY, Re 


oS ne 
536.88 | 72989 | Ga%* Phot. 


No. Reagent Synonymous names 


47| Gallocyanine 
COOH 


| 
‘ee bid \ 
(CHs)N7N“NO/N/No 
OH 


48] Hemp-like datisca (extract) Substitute for mo- 


OH rin. Parent sub- 
0 \ Stance: 3, 5, 7, 
, a 2’-tetraoxyflavo- 
1 oi Na ne 
YY Nox 
HO | 
1 een ee ee © 


o-H ie Peneres 9 


Vl OAN ne, oxine 
| I 
NX /X\7 
N * 
| OH 
0) ime a Lumogallion 2,2’, 4’ “Trioxy 5. 
HO3S .O} chloro (1-azo-1')- 
, eat _ benzene-3-sul- 
< S- N=N— —< S- OH phonic acid 
cl% 
| Sage eee 


* Thorium and uranium precipitate In the form of ThRg-HR and 


aoa 
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Table 49 (continued) 
ee 
Molecular weight 
Elements being determined 


ee 
Method 


| |e | OO 
Vol. (comple- 


300.27 | 477541 | Ga3t+, Hg*+, Pb** 
xonometry ) 


ee a 
Phot. (lumi- 


286.25 | 45675 | Als+, Gat, ZY, ThiY 
nescence) 


i ee 
n2t, Bist, Cd?+, | Grav., vol., 


145.16 3+. Mg2t, Z 
_e A cot, Cut", Gast, InS*, phot. 
TiO2+, Zr, Mo0O3*, WO3*, 
Mn2+, Fe3+, Ni2*, V205", 
Ph2t, Pd2t, Sb**, Cr3+ (in 
the form of MeRn, where n 
y of metal)* 


is the valenc 
ee ee (nee 
Phot. (lumi- 


344.74 53749 | Gast 
nescence) 


UOeR2- HR; niobium precipitate is of an unknown composition. 


a 


JOU 


No. Reagent Synonymous names 


2 ee ne: 
o1| Lumomagneson 2-Hydroxy-3-sul- 
Na03s you HO H pho-5-chloroben- 


land \e_ nw zene-1-azobarbi- 
Va S-N=N— of NC C—O turic acid 
= C—N 
C17 oF Ny 
02 Magneson CS 2-Naphthol- jae 
2’)-4’-chlorophe- 
px i. ay ff SO3Na nol- a 
, \ we a sulphonate 
, 7 Nean—< > -H.0 Pp 
'. Nol 
ws 


——— 


93| Mercaptobenzothiazole Captax 


N 
‘fi 7 


gp ee—“—~sSsSC‘(<‘i‘ ‘CSN 


54 Mercaptophenylthiothiodiazolone 5-Mercapto-3-phe- 


nyl-2-thio-1, 3, 
<_>- N~N 4-thiodiazolone; 
_ | I bismutho! II 
c hU¢ 
55 8-Mercaptoquinoline, sodium salt Thiooxine, thio- 
‘a (N xine 
l| |-3H.0 
Vy 
$naN 


ee ee a 
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Table 49 (continued) 





Molecular weight 


Elements being determined Method 
M log M 
ee ee i eee 
384.69 58511 | Mg?* Phot. (lumi- 
nescence) 


en ee ee es 


448.79 | 62201 | Mg**, Zn** Phot. 


es ee 


167.26 | 22344 | Agt, Au’, Bis+, Cd®+, Cut, | Grav. 
Pb?+ , TIS + 


226.35 | 35478 | Bist Phot. 


937.95 | 37524 | Pd*+, Cu, Mo™!, ReY!!, In3+, | Phot. 
Mn+, VEY, Co?+, Rust, Oss, 
T+ 
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No. Reagent Synonymous names 





56} Methyl violet a 


(CHy)N A. N(CH)2Cl- 
OYG 


NHCH, 
(predominantly) 


a lee a 


57| Morin 3,5, 7, 2’, 4’-Pen- 
taoxyflavone 
HO 
HO 2 ff \ 
i. ( =” ms 
YY 
HO O 


98} Murexide, See Table 28, No. 33, p. 238 


a | eae 
99/ B-Naphthoquinoline Naphthin, 5, 6-be® 
A\ zoquinoline 


roe 
N 





VSN 


es a 
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Table 49 (continued) 





Molecular __ ear Weight 


Lt i | | ___.-_. M Elements being determined "Method 


SbY, Zn?*, ca", Ti3+, Hg?+, | Phot. 
ReVI, TaY 


298.26 | 47459 | Al3+, Ca3t, Zr'’, ThlY, In3+ | Phot. (lumi- 
nescence) 


i ie 


302.21 | 48031 | Ca2+, Sr2* Phot. 


Set) 


179.29 | 95339 | cat (the precipitate is calci- | Grav. 


ned to the oxide) 


eee ee al 
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No. Reagent (fh, ein (leaned names 
2, T- nitro- 
60 ii iis =O2O~*~*S*S*S*S«s le Bis (2, me = 
i fie benzene) |- 1, : 
dioxynaphthale- 
a (/ ‘i ne-3. 6 -aisul- 
aci 
VV SOsH H0,;S/ S/ ae 
N N 
ll i 
N N 
\ HO [OH ¥ 
| 
OL 
HO,s/ \/\A Binding a 2 
‘elim, eee Nitron 


1, 4-Diphenyl-(3: o- 


—N — 1)-dihy- 
CgH;—N N com Le od 
Cots zole 
y 
za 
aon, 
N 
| 
Sr | or 







t; 
el eetemaa Teel a-Nitroso-B-naphthol Ilyinsky’s reagen + 

NO -nitroso-2-naph 
thol 







63 B-Nitroso-c-naphthol 9-Nitroso-1-napb- 


On thol 
a ~ JNO 


AF 
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Table 49 (continued) 


epee te ce oe ee 
Molecular weight 


ce 
M log M Elements being determined Method 
778.65 | 89134 | Ba®+, SOf- Vol 


a a ee ee 


3 
12.38 | 49468 | ReOz, NOz, ClOz, ClO; (in the | Grav. 
form of RAn, where An is 


an anion) 


173.17 | 23848 | Go, Fe%*, Pd2+, Cu** (in the | Grav., phot. 
form of MeRp, where ” is 
the valency of metal; other- 
wise the precipitates are 
calcined to the oxides) 


Phot. 
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No. Reagent 


Synonymous names 


Ne ee ee 


64] Nitroso-R-salt 


NO 
| 
AY Toe 
Na0,s7 \/ VV \s0sNa 
65| 1, 10-Phenanthroline 
a a ae 
~ S—?7 N.-n1,0 
66} Phenazo 
O2N p N02 


*s 
 — a WF es ST fa 





67) Phenylarsonic acid 
or %.... 


68} Phenylfluorone 
CoH; 


| 
HOC AVA /\ / 8 
of “N“\7\on 


\_>-NeN-C>>-0n 


{-Nitroso-2-naph- 
thol-3, 6-disul- 
phonic acid, diso- 
dium salt 


3, 3’-Dinitro-4, 4- 
bis-(4”-hydroxy- 
benzeneazo)-bl- 

pheny] 


9-Phenyl]-2, 3, 7-tri- 
oxyfluorone- 


ee i, ah. ee a = 


69| Picrolonic acid 


70} 2, 2’-Potassium bicinchonine 





KOOC COOK 
| | 
C C 
OOAC 
7 ¥ s \F 


CO—CH-—NoO, 


1-( p-Nitropheny!)- 
Pe atbyl-anit 
ropyrazolone-5 


I ee: . ee. 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M | log M 
ee: ee eh See eee eS 
377.27 57665 | Co*+, Kt (indirect) Phot. 


198.23 | 29717 | Fe@* Phot. 


484.30 | 68511 | Mg** 


992.03 | 30542 | NbY, TaY, Zr'Y, Bist, HY, | Grav. 
SnlV, Thi’ a are 
calcined to the oxides) 


390.34 50557 | Gel Y, SnlV, Ta’, zr’, Split Phot. 


es ee ren 
IV 
Pb2+, Catt, Sr**, Mg?+, Th Grav. 
aia. | ee (in the form of MeR,, where 
n is the valency of metal) 


Ca2t 


420.52 | 62379 | Cut 









No. Reagent Synonymous names 


74) Purpurin | 1, 2, 4-Trioxyanth- 
O OH raquinone 
I ol oor 
aaa 4 
\/ ¥ \7 


| 
O OH 
Pyrogallol 


1, 2, 3-Trioxyben- 
OH zene 








73| Quinaldic acid 
on \ 


| 
OU coor 


a-Quinoline carbo- 
xylic acid 
-2H,0 





74] Quinalizarin 


1, 2, 5, 8-Tetrao- 
HO O OH 


xyanthraquinone 










75| Rhodamine B Rhodamine S: tet- 


O + raethyldiamino- 
(CoHs)oN. ON fr JN (CoH5) 2Cl- o-carboxypheny!- 
xantheny! chlo 

NN \f \¢ ride 


| 
(y/00on 
\ 
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Table 49 (continued) 


Molecular weight 
M log M 


Elements being determined Method 





256.22 | 40861 | Zr'Y, F- Phot. 


TO ee 6 CC. 


126.11 10075 | Bist, Sb3+ (in the form of Grav. 


fe 
Bul TaY, NbY Phot. 


a eee 


2+ Pht, Agt, Mn*+, Ni?+, | Grav. 
240.24 | 32265 | Cur’ Pert, Cds, Zn?, UOF, 

FeOH2+, AlLOH*+, CrOH*+ 

(in the form of MeR,, where 

n is the valency of metal) 


i Sa aeeeneennenenee ee fi 
979.92 | 43492 | Bet, BM, Mg*+, AlS+, GaS+ | Phot. 


ee ee enna iat Sila 5 


v, 2+ Gast, T15+, wil Phot. (lumi- 
479.03 | 68037 a nescence) 
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OO ll eeeSsFEFEFEFEFEFeFeFe 








N Reagent Synonymous names 
0 
= 
i i ther of di 
76| Rhodamine 6G . ~ ‘ laminos- 
5 NHC.>H:-Cl- boxyphenyl- 
a 606 aneee Eo 
WN 4\¢G ride 
C 
| 


V 


(cn) hee eee es a 
77| Rubeanic acid 


Dithioxamide 
HN= “na NH 
| 
Ss § 
| | 
H H 
eel eee ee ee 
78 Salicylaldoxime = 
~ JOH 
79] Salicylal-o-aminophenol 2, 2’-Dioxybenzyli- 
denaniline 
OH HO, 


i 
¢ S\-cHe ff * 
<—/ CH=N ¢ 


— 
— 


Sees. emcee 


. 
80] Salicylic acid o-Hydroxybenzoic 
OH acid 
O@~\_ 
a COOH 
8 


1) Sodium diethyl dithiocarbomate 


S 
(C.H5)2N—CZ 
SNa-3H,0 
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Table 49 (continued) 


Molecular weight 





M log M Elements being determined Method 
Ce Rs | ee. er ae. 
450.97 | 65415 | ReY!!, In3+, Ti+ Phot. (lumi- 
nescence) 









420.20 | 07990 | Cu2+, Cot, Rul, Pd2+, Ag+ | Phot. 


a ee ee ay ae 


137.14 | 43746 | Cutt, Bist, Pb®+, Pd*+ (in the} Grav. 


f MeR 
a : 2) Phot. 





3 Phot. (lumi- 
32 887 | Al" nescence) 
Mn?t Phot. 





Fe3t, Cu*t Phot. 






138.13 | 14029 






NE  ————————————————————————————————————————— 


Cu**, UO}*, Ni** 
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No. Reagent Synonymous names 





HOOG. ‘ 


HO -< 5- SOjNa-2H,0 
5 eee. cae a ee = 
83] Sodium tetraphenylborate Kalignost 


82| Sodium sulphosalicylate -- 


. ie HS 
\=7 /\=7 


+ 
Na 
Oe a 
<_> \/ = 
cnn eine oe a 
84] Stilbazo Stilben-2- pea 
phonic aci i 
a _ = = ° oi ioxy en ’ 
HO Mey ai Hameneninin walt 
HO-—4A \_ g iN 
os N=N— a CH 
HO ~ \gouNu, ' 
— ss SOsNH, =| 


85] Stilbexone 4, 4’ -Diaminostil- 


ben-(N, N,N’; 
asian — tetracarboxyme- 
yn-¢ S—cu thyl)-2- 2 dist 
=f honic aci 
‘aon baal Sioa salt 
HOOCH.C 
Dn-C_N- cu 
HOOCH,C ~ 
3Na 










86/ Sulpharsasene 





Plumbone; a. 





obenzene-(1” 
AsO3He 4)- iazoamiDe 
{-azo-1’)-be 
Os al om ne-2"-arson0-4 


| sodium sulpho- 


Na03S — <S Pi i — ZN \— NH nate 
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Table 49 (continued) 


Molecular weight 


Elements being determined Method 
M log M 
254.22 | 40524 | Fest, Fe* Phot. 


ee 


- 342.24 | 53433 | K+, Rbt, Cst, Tl*, NH ae vol., 


a es es See 
646.66 | 81068 | Al’* Phot. 





Phot. (lumi- 
646.54 | 81058 | Fe** nescence) 


572.32 | 75764 | Pb**, 7n2t, Cd? Phot., vol. 
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= | iii Synonymous names 
Sk Sn en Geneinnnmnainl i 
roxypheny!|-(3- 
HOS SO3H i a 
SY xy-8’-aminona~ 
N=N/ \/\7 phthalene-3’, 6’- 
fo | 


disulphonic acid 
# %... OH NH, 


87) Sulphonazo Sulphon-bis-[4-hyd- 
-2H,0 
Vaan OH NH, 
ei ae 
\w=n-“Y/N 
88] Tannin - 
C7gH520 x6 
89! Thioacetamide = 
CH3s—C—NH, 
| 
90} Thioglycolic acid HSCH.COOH — 
91} Thionalide B-Aminona htha- 
NH—CO~-CH,—sy lide of thiogly 
“(SZ a colic acid 
WN\Z4 
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Table 49 (continued) 







Molecular weight 





976.93 | 98986 | Sc3+, VY Phot. 





tof 


~1700 _ Bett, Al3t+, GaS*, Gel”, Mo¥!,| Grav. 
Noy) sat Ta’, Ti’, UO#*, 


75.13 87 584 Bis*, Ast, Sp3t+, Cd2+, Pb**, Grav. 
Sn2t, Het, Mo03*, Cu2t, Pb?* 
Cu2t Phot. 


ee en 


92.420 | 96495 | Fett, WY!, Sn? (a reagent is Phot. 
added when tin is being de- 


termined by dithiol) 


217.29 | 33704 | Ti+, Astit, Shu, Sat, Ast, | Grav. 
Au! Cu*t, Hg?+, Pd?*, Bis+, 
Rhu! Rul, Mn*+, Pb**, Ni™*, 
Co2+ (in the form of MeRn; 
where 7 is the valency of 


ee ee 


76.125 | 884153 | Bist, os™!, Ru’, Rev, Te! | Phot. 
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No. Reagent Synonymous names 
93| Thoron aredwe - ee ne 
AsO(OH)(ONa) SO3Na acid-(1’-azo-1)-2- 

px >< hydroxynaphtha- 

g > N=—WN g ‘ lene-3, 6-disul- 

_ Fe phonic acid, tri- 


> sodium salt; tho- 
bm rin, naphthar- 


‘\s03Na | son, APANS 
IPR Rr a th Mec? isis 


94} Titanium yellow Bis-4, See il 
benzothiazol-(1, 
a oe SO3Na 3)|-diazoamino: 
- = benzene-(2, 2°)-S0- 
\s—C -—< »>- Ny dium disulphona- 
= PN te; mimosa; thi- 

pi-b—£ > NH azo yellow 

He—€ S—n — \gouna 
seco iaeneanR IRIE eee 


95] o-Tolidine 
_4\_f ~% 
HN <—77-{_>- Nia 


H.C ~\cu, 
— SC || 
96] 8-Tosylaminoquinoline ap eerie ad 
° -qui - 
ae ine se 
Y/N 
bi N 
i 
HC —<>- SO, 


i eae ee, a 


97| Zirconon 


at ae 

y OH aaa erent 
4'-sulphonic 

€ S-N=n—¢_S- sos 


rd 
CH, 


* RE: rare-earth elements (lanthanoids, Y and Sc). 
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Table 49 (continued) 














Molecular weight 


M log M 
598.29 | 77691 | Thi’, F-, U!Y, zn%, Zr'Y, | Phot. 
Ta’, Nb’, RE*, BiS*, Lit, 
Be*2+ 





Elements being determined Method 


er a a 
695.75 | 84245 | Mg** Phot. 


242.30 | 32605 | Os0,, Rud, Ag, V": halo- | Phot. 


gens 


Phot. (lumi- 
298.35 | 47473 | Zn®+, Cd** nescence) 


Eee 


292.32 | 46586 | zr!” (the recipitate is calci- Grav. 
ned to the oxide) 


We a eC 
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Table 49 (continued) 
B. In the Alphabetical Order of the Elements Being Determined 






t bei Reagent d 
vdatermnteer (No. according to Table A) Metho 



































Aluminium 26, 49, 73, 88 Grav. 
4, 49 Vol. 
Ayo By M, 7, 44, 48, 49, 57, 74, | Phot. 
79, 84 Ps wal 
oni 83 rav., , 
sleet Phot. 
Antimony 49, 72, 89, 94 Grav. 
49 Vol. 
15, 25, 49, 56, 75 Phot. 
Arsenic 89, 94 Gray. 
Barium 21, 24, 60 Vol. 
Beryllium 88 Grav. 
1, 4, 7, 43, 27, 44, 74, 93 Phot. 
Bismuth 26, 31, 49, 03, 67, 72, 78, 89,91 | Grav. 
24, 49 Vol. 
43, 49, 54, 92, 93 Phot. 
Boron 22, 27, 72. 74 Phot. 
Cadmium 5, 31, 49, 53, 59, 73, 89 Grav. 
24, 49, 86 Vol. 
16, 18, 19, 25, 36, 43, 49, 56 | Phot. 
75, 86, 96 
Calcium 
Cesium 
Cerium 
Chlorates and 
perchlorates 
Tomium (III) 49, 73 Grav. 
24, 49 Vol., phot. 
Chromium (VI) | 23) 36 Phot. 
Cobalt 5, 31, 49, 62, 73, 94 Grav. 
24, 49 Vol 













24, 35, 43, 49,55, 62, 63, 64,77 | Phot. 
Copper rants 24, 26, 29, 49, 53, 73. | Grav. 
78, 89, 94 
’ Vol. 
33, 35, 40, 44, 43. 49, 55, 62 | Phot. 
, 70, 77, 80, 81, 89 
Cyanides 33 Vol. 
luorine 2, 3, 4, 44, 74, 93 Phot. 
Gallium 26, 49, 88 Grav 
24, 49 Vol. 





3, 46, 48, 49, 50, 57, 74, 75 
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Table 49 (continued) 









Element being Reagent 
determined (No. according to Table A) Method 


a a a a 


Germanium 68, 88 
Gold 53, 91 fae 








Hafnium 67 Grav. 


Indium 49 Grav. 
24, 49 Vol. 

























43, 49, 55, 76 Phot. 

Iron (II) 73 Grav. 
24 Vol. 

10, 28, 35, 39, 65, 82, 90 Phot. 

Iron (ITT) 26, 31, 49, 62, 73 Grav. 
24, 49 Vol. 

49, 62, 78, 80, 82, 85 Phot. 

Lead 5. 29, 49, 53, 69, 73, 77, 78, 89 | Grav. 
24, 47, 49, 86, Vol. 

6, '36, ‘43, ‘49, 86, 89 Phot. 

Lithium 93 Phot. 
Magnesium 49, 69 Grav. 
24, 49 Vol. 

14, 49, 51, 52, 66, 74, 94 Phot. 

Manganese 5, ‘49, 73, ‘94 Grav. 
24, 49 Vol. 

24, 49, 55, 79 Phot. 

Mercury 5, 89, cy Grav. 
24, 47 Vol. 

25, 33, 36, 37, 43, 56 Phot. 

Molybdenum 49, 88, 89 Grav. 
49 Vol. 

42, 49, 55 Phot. 

Neptunium 8 Phot. 
ickel 5, 12, 29, 35, 45, 49, 73, 91 Grav. 

24, 35, 49 Vol. 

35, 43, 45, 49, Sf Phot. 

Niobium 26, 67, 88 Grav 
7, 72, 93 Phot. 






Nitrates 61 : 
Phot. 


17 
Osmium 55, 92, 95 
Palladium 35, 45, 49, 78, 91 ie 
ol. 







24, 35, 49 
98, 33, 35, 45, 49, 55, 62, 77 | Phot. 
Platinum 45 rer’ 
ot. 





33, 45 
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Table 49 (continued) 





ay ee (No. secoratte 40 Table A) Method 
See een Tea 
Plutonium 8 Phot. 
Potassium 38, 83 Grav. 
83 Vol. 
38, 64, 83 Phot. 
Protactinium 8 Phot. 
RE* 24 Vol. 
7, 8, 93 Phot. 
Rhenium 61 Grav. 
99, 56, 76, 92 Phot. 
Rhodium 91 Grav. 
Rubidium 38, 83 Grav. 
83 Vol. 
Ruthenium 94 Grav 
00, 91, 95 Phot 
Scandium Vol. 
8, 87 Phot. 
Selenium 30 Phot. 
Silver 29, 53, 73, 94 Grav 
’ Vol. 
33, 37, 43, 77 Phot. 
Strontium 69 Grav 
- a 
Phot. 
Sulphates 21, 60 Vol. 
Tantalum 26, 67, 88 Grav. 
; 7, 34, ‘56, 68, 72, 93 Phot. 
Thallium 53, 83, 94 Grav 
Vol. 
15, 25, 40, 43, 55, 56, 75, 76, 83 Phot. 
Thorium 26, 67, 69, 88 Grav. 
24 Vol. 
; 2, 3, 7, 8, 48, 97, 93 Phot. 
Tin 67, 88, "39° 91° Grav. 
24 Vol. 
— 42, 43, 68, 90 Phot. 
Titanium 26, m" 49. 88 Grav 
24. Vol. 
3, 7 20, 23, 32, 40, 49 Phot. 
Tungsten 49, 88 Grav.,. vol. 
; 42, 49, 75, 90 Phot. 
Uranium , 73, Grav. 
. 3, + 8, 81, 93 Phot. 
Vanadium 26, 49 Grav 


Se 
* RE; rare-earth elements (lanthanoids, Y and Sc). 


Element being 
determined 


Vanadium 


Wolfram 
Zine 


Zirconium 


Yom 


26—1845 
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Table 49 (continued) 


Reagent 
(No. according to Table A) 


24, 49 

7, 49, 55, 87, 99 

see Tungsten 

5, 29, 49, 73 

24, 49, 86 

6, 15, 25, 43, 49, 56, 75, 86, 


26, 49, 67, 88, 97 


24, 49 
2,3, 7,8, 44, 48; 49, 57, 68, 98 


Method 
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Table 50 


USSR Standard Sieves 










7 Number of ope- 
Number of ope nings per an Width of ope- Diameter of 















nings per cm (mesh number) ning, mm wire, mm 
125 325 0.044 0.036 
106 270 0.053 0.041 

93 930 0.062 0.046 
79 200 0.074 0.053 
66 170 0.088 0.063 
56 140 0.105 0.074 
47 120 0.125 0086 
40 100 0.149 0.102 
Ms 80 0.177 0.119 
70 0.24 
a i 0.140 
rs 60 0.25 0.162 
- 6 0.30 0.188 
ie 45 0.35 0.22 
42 0.25 
a s 0.50 0.29 
: 25 0.71 oF 
; 20 0.84 0.42 
: 18 1.00 0.4 
: 16 1.49 ; 
14 ‘4 es 
4 19 - 0.61 
3.9 0 200 0.69 
: 2, 0.76 
o : 2 38 0.84 
re i 2.83 0.92 
5 3.36 41.02 
1.7 ; 4.00 1.12 
4 Ss 4.76 1.27 
‘‘9 g. 5.66 1.45 
‘ + 8.72 1.65 
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Table 51 


Half-Wave Potentials in Polarographic Analysis 
with a Dropping Mercury Electrode 


sessions 


: Half-way 
determined | “""PCnckgrounay™" "| ge’ | potenti 
Se ee eee ee 
ALI 0.5.V BaCl, (the evolution 
of H, is possible) .. . 3—-0 (?)}) —1.7 
AsIII 1M H,SO,+ 0.01% gela- 
WWE w sw te ww OS 3-0 —0.7 
Blu 0.5V NaOH + 0.025% ge- 
MGI sew ka GE 3-5 —0.26 
1V H,SO,+ 0.01% gela- 
is cin senate he nh ol oe 30 —0.04 
0.5M KNaC,H,0, a 0.01 05 
gelatin 
pPH4.5....24.. 3—+0 —0.29 
os ee ee 3+ 0 —0.70 
0.5M NaKC,H,0, 
-+- 0.01N NaOH 4- 0.01% 
gelatin. ......, 30 —1.00 
BrY Buffer solution, pH 1.0] 5—+(—1)} —0.43 
Call and Tetramethyl ammonium 
other al- salt solutions ..... 2+ 0 —2 29 
kaline- 
earth 
metals 
cq ‘Et @ | ° Se 2—+>0 —0.60 
OW HG 5 we 4 ek ® 2+0 —0.79 
1N NH,Cl+1N NH,OH| 2-0 —0'34 
CelV 0.1 ethylenediamine 4+3 —0.74 
Coll 0.25M KCl....... 2+0 —1.2 
TE SCN fo ck we 2+ 0 —1.03 
0.1M ethylenediamine 2+3 —0.456 
Crit 0O.7M HCl ....... 2-3 —0.58 
Crit OAN KCl... ...., ad —0.81 
20 —4.50 
crY! LE WE we ee es me 6+ 3 —1.03 
Cul 1M NH,OH + 1M NH,CI { 1+ 2 0.95 





26* 
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Element being 
determin 


Cull 


Composition of the solution 
(background) 


0. ae ——"’ + 0.01% ge- 


lat 
0. SM "NasCgH, O,, pH 12 
1M Na,C.0, 
1M Na,C,0, 
1M HClO,, pH 0-2 
0.5M (NEL) aC 0; Doe 
+ 41M N 


hg 


Salicylic acid, © 2.8-3.2 
1V NH,OH ai iN NH,Cl 


0.5M HCl 
4M H,SO, 


0.44 NH,OH + 0.1 
NH,Cl 


01M KCl 
0.10 Li,SO, 


0.14 NaOH 
0.05M KCl 


2M NaOH 4. 
+ 5% KNaC, 1H,0, 


3M HClO, 
0.1M HCI 


Table 51 (continued) 


Half-wave 
Valency potential 
change Ey Fan Vv 





Element being 


determined 


Composition of the solution 
(background) 
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Table 51 (continued) 


Valency 
change 


Half-wave 
potential 


E1/.. V 


NY 


Phil 
P ql 


ie 


R hilt 
Split 


SbY 
SelY 


Sn 


SnlV 


TaY 


0.4M LiCl 
0.1M LaCl,; 0.1 CeCl; 
0.14M H,C,0,4, pH 4.2-5.5 
0.06M HNO, 
HC1O,, pH 0-2, 1 KCl 
{M NH,OH+ 0.2M NH,Cl 

+ 0.005% gelatin. . - 


> ‘eo @ 0 8 


Buffer solution, pH 1-10 


Ca(OH), saturated 


1M KCl 
0.97M NaOH 
4M NH,OH+ 1M” NH,Cl+- 
+ 0.001% methyl red 
9M NaOH or KOH . . . 
0.5@ KSCN + 0.00M 
ethylene diamine. . - 


, © -_ie SB MH =F 


2M HC! 
iM NH,OH + 1M NH,Cl 


2M HCl 


~_ sta &€ 2 =e B 


2M HCl 


a a ee 


tin . 
4M HCl + 4M NH,Cl + 
+- 0.005% gelatin ; 


NaF 


—_—_—_——~, 


5 —> (?) 
5 — (?) 
5—4 
5—>3 (?) 


—2.1 
—1.2 
—1.5 
—0.84 
—1.1 


—1.06 
—0.05 
—0.04 


—1.44 
—1.16 


—0.431 
—0.765 


—0.72 
—1.41 


—0.51 


—1.43 
—0.45 


—0.93 


—0.22 
—0.45 
—1.15 


—0.24 


—1.50 
—0.46 
—0.1 


—0.73 
—1.22 


—0.25 
—0.52 
—1.2 


—1.16 
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Table 51 (continued) 


t the soluti Valenc oiled 
Composition o e solution a y otentia 
“astmemined = . (background) change so Jas 
TelV 0.1M NaOH + 0.003% ge- ; - 
latin , s&s &§ &© © © » ww «& 4 => (—2) —{ —— 


jt a eee 4-— (0)? —0.76 
Te¥! 0.1 NaOH + 0.03% ge- 
i a 6 — (—2) —1.66 
+- 0.0005% gelatin 
pH 6.2 , 


ccs vi oe co 6— (—2)} —1.17 
i 6—> (—2)} —1.34 
piu O1M HCL... 0. | 3 4 —0.14 
TiIV O4M HCL .... 4+3 —0.81 
0.2M H.C,H,0, 4+ 3 —0.38 
0.4M Na,C H,0, 
+ 0.005% gelatin, 
PH11.8 2, 4+3 —1.65 
Til Le 1+0 —0,482 
0.2M NaOH . |. | 1+0 —0.49 
ulV 014M NaClo,... 4+ 3 —0.92 
uv 0.14V KCl + HCl, pH 3 5+6 —0.18 
yvI O.5VHCl.. { G+ 5 ae 
‘ 5+ 3 —0.92 
Vv O4MKCL .. 2-3 —0.50 
Na.B,0, Saturated, pH 5.4 ; se : 0°03 
4+5 0.13 
yill 0.4M COz- + CO, satura- 7 
" ted, pH6.7 7 S56 —0.06 
V 0.14M H,SO, + 0.005% 
gelatin...” 4+92 —0.85 
1M NaOH + 6 dgiy ) 
. Na,SO,;+1M KC]. —— —0.39 
V 1M NH,0OH+ 44 NH,Cl+ 
+ 0.005% gelatin “7 { D> 4 —0.97 
wv 42 —1.26 
12M HCL... 65 ; 
: { 03 —0,54 


* Reduced directly at the Dotential of mercury golution 


407 
Table 5/1 (continued) 


Half-wave 
Element being} Composition of the solution Valency potential, 
determined (background) change Ei/, V 


a aE 


4M HCl 5-3 —0.66 
1M KCl 2+ 0 —1.02 


{M NH,OH + 0.2M 


NH,Cl + 0.005% gela- -T 


—1.49 


0.1M KCl, pH3 —1.65 
(when ¢, iy = {1 xX 10-*) 
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Table 52 


Amperometric Titration of Selected Substances (according 


Abbreviations used: a—anodic (oxidizing) current; c—cathodic (re 
Forms of titration curves 









Potential of the platinum 
Ion or Nature indicator microelectrode 











molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
gine, rede solution 
oA turated 
current tion a calomel elec- 
Ag! c 10 —0,25 HNO,, KNOs, 
CH,;COONa 
Cc 0 —(.25 HNO,, KNOs, 
CH,COONa 
c |+0.40 +0.45 H,SO, 
ce |+0.40 +-0.45 H,SO, 
c {from 0 from —0.25] NH,OH NH,Cl 
to+0.40 | to-+o.is| fo + NHs 





at | a | 41.20 


Se i nee ee 
ie EE nes bee <<; |, 
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to O. A. Songina) 


ducing) current 

























Substance bein 
titrated 6 Titrant Remarks 


I Ag! I-, Br-, Cl- and rae 
others which 
form sparingly 
soluble precipi- 
tates with Ag! 
11 |cl-, Br-, I-,| Ag’ ~ 
SCN- and 
others which 
form sparingly 
soluble preci- 


a with Ag! 
I A I- and others} Titration 
can be con- 
a a ducted in the are 
solu- 
ble precipita- sence of Cur 
tes with Ag! 
II Cl- and _ others Ag! ditto 
which form 


sparingly solu- 
ble precipita- 


tes with Ag? 
11 | PO3- Ag’ s 


ee al) (a pa 


| I | Asitl 
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Potential of the platinum 
Ton or Nature indicator microelectrode 














molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
difrasion face —— 
current | tion | microelect- oor 
rode, V electrode, V 
es Mine a ae 
Aull Cc from 0 from —0.25} IIC], H,SO,, KNOs, 
to +0.40 | to +0.15 NaNO, 
¢ |+0.40 +0.15 KNOs, NH,NO;, H,S0O4 
‘III 
Bi c }+0.1 —0.15 HCl1O,, pH 1.2 
HNO,, pH 1.5 
Bry © |+0.45 +0.20 NaHCO, + KBr 
c¢ |+0.40 +0.45 HCl, 2V 


H,SO,, 4V + Cl- 





net 

ull | Subse eine 
curve 

] Au Mil 

I ete faut fren 
ya fer fe II | PO? 

II | Ast , NH, 
II Asill | gplll 
| Il pp 

I] Oxalate, V1" 

Fell, Tu 

II Syl 


Titrant 


S.02- and vari- 
ous organic 
compounds; for 
example, mer- 
captothiazole, 
hydroquinone, 
thiourea 


Fe(CN)é- 


Bill 


BrO-, ClO- 
BrO; 


Titration of Au 
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Table 52 i 


Remarks 


| a 2a a i eg oe are 


with reducing 
agents is conduct- 
ed more conve- 
niently according 
to the current of 
their oxidation; 
for yy thi- 
ourea at the micro- 
electrode potenti- 
al equal to +0.8 V 
(microelectrode). 

In this case, the 
titration curve is 
of the II shape 


jf the test seution 


eopiats Hg! | Cull 


Ag! and others, éit= 
ration is conducted 
at the microelec- 
trode potential 
equal to +0.70 V 


If, under these con- 


ditions, the reduc- 
ing agent yields an 
anodic current, 
then the titration 
curve has the re- 
versible III shape 
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Potential of the platinum 


Ion or Nature indicator microelectrode 
molecule of relative to the reference 
which pro-| elect- electrode Composition of background 


duces rode jee solution 
diffusion | reac- 


turated 
current | tion | microelect- SA 
calomel] elec- 
rode, V trode, V 
Ee era 
Cel¥ c |+4.00 +0.75 H,SO, 


i 2 ee ne aa 
cM | a |+41.60 +4.35 CH,CO,Na + ethanol 


Cl, c |+0.70 +-0.45 HCl 


(RR a ee ee a 
Cl- a |-+41.50 +425 HCl 


—aa a 


Cr c |+0.40 +0.45 HCl 
, <6N 
+9.40 +0.15 H,SO,, 4-6 
+0.70 4.0.45 H,SO,, 8-12 
+0.90 40.65 H,SO,, >12NV 
a | a |+0.065  |+0-49 | 1,80, L. 
Cu ¢ | <+0.30 <+0.05 Indifferent _electroly- 


tes, diluted acids 
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Table 52 (continued) 





Form 
titra- Substance. Berne Titrant Remarks 
tion 
curve 
[Il | Various organic Ce’* Before the equival- 
compounds; for ence point—the 
example, hyd-| - organic-compound 
roquinone, me- oxidation current; 
thol, pyrocate- after the equival- 
chin, p-amido- ence point—the 
phenol and Cet¥ reduction 
others current 
Jir | poz Cell ws 
ai _ — The value of the Cl, 
reduction current 
is used to deter- 
mine chlorine in 
water 


medium, the chlo- 
ride oxidation cur- 
rent may inhibit 
other anodic pro- 


= = — In a hydrochloride 
cesses 


agents, for om — de- 
7,11 pends on the re- 
ee a ’ ductant being tit- 
Sb°*", AS rated and the mi- 
croelectrode poten- 
tial 
Mo¥!, w¥! | crt | = 


- _ —_ In amperometric tit- 
ration, the Cu!! re- 
duction current is 
not used, but it 
can hinder the de- 
termination of 
other substances 


\| | [eee 
— E reducing | Cr,0}~ The form of the tit- 


Potential of the platinum 
Ion or Nature indicator microelectrode 


molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
| do es 
current | tion | microelect- paper : 
rode, V trode, 
a, es ee Ee he ee 
Fell c | —0.15 —0.40 H,SO, -+ (NH4).S04 
c 0 —0.25 HCl, ~1.2N 
c 0 —0.25 Depending on the sub- 
stance being deter- 
mined 
Se Oe ee ee a 
Fel a |+1.25 |+1.00 | H,S0, 
a |+4.40 +0.85 H,S0,, HCl 
Fe(CN)e] ¢ | +0.05 —0.20 NIH,OH + NU,Cl 
¢ | +0.20 —0.05 NaOH 
Fe(CN)4- | 


a from +-0.70 from +0.45 ati 
to 1.00 to +0.75 
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Table 52 (continued) 













Substance heing . 
titrated Titrant Remarks 


Il pill Fell! = 

I It Ascorbic acid Titrati pi Aven 

V IV IIl Il . l ration is condauct- 
ar’, Ab, Be) & ed in the presence 


of Fell! (indicator 
method) 







MnV!T, cr¥!, vY,| Fel! If, under these con- 
ditions, the oxidiz- 


CelY 
ing agent produces 
a cathodic current, 


then the titration 
curve has the III 
shape 


Fell MnOz, Cr,03-,]| Ditto 
VOs, Ce’ 


Il | Col! Fe(CN)§- It is possible to tit- 
rate Fe(CN)3- with 


a standard Col! so- 


lution, then the 
titration curve has 
the I form 

Ir |r Fe(CN)3- Titration with hexa- 
cyanoferrate is con- 
ducted in the pre- 
sence of a catalyst: 


OsO, 

— | antl, ppt, cdl! | Fe(CN)é The microelectrode 
Call Cylt hin oat the back- 
ir It groun com posi- 
ig : Zn; tion and, consequ- 
Ag’ and others ently, the form of 
which form the titration curve 
sparingly solu- depend on the sub- 
ble precipita- stance being deter- 

tes. mined 


Awl: by reduc- 


tion reaction 
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—— nn 
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Potential of the platinum 
Ton or Nature indicator microelectrode 








molecule of relative to the reference 
which pro-| elect- electrode Composition of background 
P — rode solution 
iffusion | reac- 
: saturated 
current tion aad ig calomel elect- 
; rode, V 
a 
Hg!! c |+0.40 +-0.15 NaNOs;, NH,NO3, 
iat | 
c |-+0.40 +0.15 NaNO,, NH,NOsz, 


2 4 


+0.40 +015 NaNO, NH,NOs 


SR eee ee ee ee 
Beginning of reduction 














H,0 ec |—0.70 —0.95 Alkaline medium 
—0.40 —0.65 Neutral medium 
0 —0.25 Acidic medium 
Fe Beginning of oxidation 
+0.80 +0.55 Alkaline medium 
+1.20 +0,95 Neutral medium 
+1.50 +425 Acidic medium 
RURNIE (en some ee re | 
I, c |+0,20 —0.05 HCl, >9NV 
c | +0.45 +020 


Seignette salt -+ 
NaHCO, 


HCl, 2N; H,SO,4, 2V + 


H,SO,, pH 1-2 
K NOs, NH,NOs 
HCl > 6N 
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Table 52 (continued) 


jg] -] —— 


Form 
of 
titra- Substance bein 
ston titrated * Titrant Remarks 
curve 


oe a ae meee 
I | Hg"? I-, cl = 
a 
i a ea Hg! — 


ie Mo”! wY! 





rent limits the ca- 
thodic region of 
electrode reaction 














= said Water-reduction cur- 
Water-oxidation cur- 
rent limits the ano- 
dic region of elec- 
trode reaction 


lV AsV, SalV¥ i 
This reaction is used 


to oneeane Cull, 


Fell, As’ after ad- 
ding an excess of I~ 
to the test solution 


I | snl, ast, sp] 1, 


Asconmoquinone 
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Potential of the platinum 
Ion or Nature indicator microelectrode 
molecule of relative to the reference 





which pro-| elect- electrode Composition of background 
diffusion reac —— 
q turated 
current tion ae calomel elect- 
ae oo ae ee ee 
MnYit c |+0.80 +0,55 H,SO, < 8N 
c¢ |-+0.75 +0.50 HCl, 1 
c |+0.40 +0.15 CH,CO,Na + ZnO 
c |+0.40 +0.15 K,P,0,, pH 6-7 
c |+0.40 +0.15 NaOH, 1N 
a a ee ee) a 
Moll! c |+0.90 +0.65 H,SO, > 9N 


Eee 


U 
Mn a |+1.20 +0.95 Acid, neutral, 


CH,CO,Na 
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Table 52 (continued) 


Form 
titra. | Substance being Titrant Remarks 
tion 
curve 
a a ae 
— vari ducing | MnOyZ The form of the tit- 
, aii lil "tes . ration curve de- 
nai oxa- pends on the sub- 
late ferrocy- stance being tit- 
anide, viv, rated 
Fell, Asi 
Spill Spit 
11 | Te MnOz — 
11 | Mn MnOz - 
II | Mn MnOz — 
Il | TelY MnO; — 
ee as 
1 {Mn H,C.0,4 This reaction is used 


to determine PrO, 
after adding an ex- 
cess of Mn! to the 
' test ee 
I It is possible to tit- 
1 | Mut Fe 
;, rate Mn"! accord- 


ing to the Fel! oxi- 
dation current when 
the microelectrode 
potential is+1.3V. 
In this case, the 
titration curve has 
the II form 


2 a ad aa 


_ _ = In amperometric tit- 
ration, the Mn!! 
oxidation current 
is not used, but it 
can hinder the de- 
termination of 
other substances 


27* 
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Potential of the platinum 
Ion or Nature indicator microelectrode 














f 
LM eee eel 
duces rode solution 
diffusion | reac- saturated 
current | tion ane oe 
NOz c from +0.40] from +0.15 
to +1.00} to +0.75 
depending on HNO, 
concentration 
ee | 
NOF a +1.30 +1.05 H,SO,, 0.05.V 
0, c Beginning of reduction 
2 —0.15 Alkaline medium 
— ike +0.15 Neutral medium 
+0.80 +-0.55 Acid medium 


ce ee 
—0.60 —0.85 











Le 


CH,CO,Na ’ CH,CO,N Hy, 








a | Cd 
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Table 52 (continued) 








— 
0 Substance being : —— 
ri titrated Titran 





—~ In amperometric tit- 
ration, the NOs; 
reduction current 
is not used, but 
it can hinder the 
determination of 
other substances 
if the HNO, con- 
centration used as 
a background is 


>5N 
- Stron oxidiz-| For the amperomet- 
ate = for examp- ric titration of 


MnO;, CelY NOz, against the 
an hanilic background of am- 
acid monium _ citrate 

(pH 4-4.5) it is also 
possible to use 
chloroamine T as 
a titrant with its 
reduction current, 
at the microelec- 
trode potential 
equal to +0.3 V 


rent is used in the 
polarographic de- 
termination of dis- 
solved oxygen. In 
amperometric tit- 
ration, the O, re- 
duction current 
hinders the deter- 
mination of other 


_ _ _— The O, reduction cur- 
substances 
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Potential of the platinum 
Ion or Nature 
molecule 





indicator microelectrode 
of relative to the reference 

which pro-} elect- electrode Composition of backgroun4 
woe rode solution 

usion | reac- 
current | tion | microelect- callett clerk: 

rode, V rode, V 

Ppl c +1,80 +1.55 CH,CO,NH, or 


CH,CO.Na, 0 oN 


CS a, ee es: 
Snll a 


—0,20 —0.45 Alkaline solution of 
complexone III 


IV ; . 
Te c | +0.60 +0.35 H,SO,4, 6.V 


"eee ee eee 
ne a |+40.75 


+0.50 H,SO, + (NH4)2S04 
a |+1.00 +0.75 H,SO,, 1N + Hy4P20, 
III 
Tl ¢ |+0.50 +0.25 


KNO;, CH,CO,Na and 
others 


Form 
of 
3 Substance being . 
eT titrated siaiieae 
curve 


ppl 


Il | Sn! Hg"! 
I pli Cr,03;- 
Il | vY, crv? 1 Y 
Ir | uv! Tilt 


put Various reducing 
agents, for 
example, thi- 
ourea 
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Table 52 (continued) 


Remarks 


The titrant is the 
solution of lead ace- 
tate salt contain- 
ing 4-5% of acetic 
aci 


The titrant is the 
solution of mercu- 
ric chloride salt. 
Beyond the equi- 
valence point—the 


Hg"! reduction cur- 
rent 


In amperometric tit- 
ration, the Te!” re- 
duction current is 
not measured, but 
it can hinder the 
determination of 
other substances 


Amperometric titra- 
tion of TIIII with 
thiourea is more 
convenient to con- 
duct according to 
the current of the 
oxidation of the 
latter at the micro- 
electrode potenti- 
al equal to=-0.80V. 
In this case, the 
titration curve 


has the II form 
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Potential of the platinum 
Ton or Nature indicator microelectrode 
molecule of relative to the reference 











- - trod ti f background 
which pro en electrode Composi po A - g 
diffusion | reac- saturated 
current tion nae a calomel elect- 
S22! i Bees 2. ee eee 
TU c |—0.60 —0.85 CH,CO,Na 

a |+1.40 +1.15 KNO;, NH,NO3, H.S04 

py a |+0.20 —0.05 H,SO, 


™ c | +0.50 +0.25 


¢ |+1.00 +0.75 


H,SO,, 12-16N 
H,SO, ’ 18-24N 


US (ee 
a | +0.85 +0.60 CH,CO.H + CH,CO,Na, 
pH 4 


H,SO, + H,PO. 
H,SO, 


ee es ee & 


es 


Form 
of 
titra- 
tion 


curve 


lr | yl Fell! Beyond the equival- 
ence point—the 
Fell! reduction 
current 
2 ne ee ae 
Various reducing | VO3 o- 
agents, Le 








Substance being 
titrated 


Ti 


example, Fe 
VY 


Titrant 


Fell 





II 


Complexone III 


Vo?r 


In amperometric tit- 


Beyond the equival- 


This reaction is 
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Table 52 (continued) 



























Remarks 


ration, the Tl- 
oxidation current 
is not used, but 
it can hinder the 
determination of 
other substances 


ence point—the 
Fe!! oxidation cur- 
rent 





used to determine 
AM, grlV, Thi’ 
and other substan- 
ces after adding an 
excess of complex- 
one III to the test 
solution 
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Table 53 


Conditions of Amperometric Titration with Two Polarized 
Forms of titration curves 


uN 


In amperometric titration with two polarized electrodes, the 
atter must be in the titrate simultaneously and must have a suf- 


“reduction systems whose 
ator current, which arises due to the 


tions 
Substance a indicator 
being de-| Electrode Voltage i 
termined itrant materia] being applied, |———————————_,;___ 
m 


before the equiva- 


lence point 
Ag! Cl-,  Br-, |] 


: » | Hg from 4 Ag/i 
I a g/Iig } 
. Pt 100 - 


Fe(CN)3- | py 
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Indicator Electrodes (according to O. A. Songina) 


{polarization of electrodes. The dashes in this column indicate the 
point A the indicator current either before or after the equivalence 
Stotins a given voltage eee to the indicator electrodes. This 
geal 1en, in the process of titration, the components of an oxida- 
fever iction system either bein formed or present in the titrate 
or whet at a given voltage, be oxidized and reduced at the electrodes, 
en one of the conjugated forms of the pecs: PE is absent. 
‘ sitet a cases, depending on the composition and amount of voltage 
; oie the electrodes, an oxidized form of one and a reduced form 
ities er redox system can participate in electrochemical reactions, 
ia providing an indicator current before and (or) after the equival- 
I point. 
™ n the sixth column, Roman numerals indicate the forms of titra- 
curves near the equivalence point. 


nhtiinaninadl scala peer 







Which ind Form of 
Current ome Se titration 
Me. 
after th pose! the Remarks 
e equivalence | °UUtva- 
oi lence 
— point 
a I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Hg } (anode) —is oxidized, and 
Ag! is reduced at the cathode 
aes IV Titration is conducted in the pres- 
ence of the redox pair Felll/Fell 


rs ee Sane 


Br,/Br- Il Titration is conducted in the pres- 
Fe(cn)s ence of Bro 
(CN)$-/Fe(CN)s-| I Titration is conducted in the pres- 
ence of an OsO, catalyst 
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Substance 
being de- 
termined 


Ay! 


Call 









Titrant 


Ascorbic 
acid 





Electrode 
materia] 


Pt 


Ag! Ag 

Hg! Hg 

F- Pt 

Complex- Cathode: 

one [IJ Pt 

anode: 
amalga- 
ave 

Fe(CN)i- | py & 


Ascorbic 
acid, 
Oxalic 
acid 

Fell 





Pt 








Voltage 
being eppitea, 
m 


100 


400 


tht 
© 
i) 















Electrode reactions 
indicator 





lence point 


NN ee 


before the equiva- | 


Aull/c) 


wt |. op _ 


C et V/c_lll 





Cel ¥/ce Mt 
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which j 
whion induce the | Ferm of 
TT (ny 
af near the Remarks 
= the equiva- equiva- 
ence point raat 
ma ] Titration is conducted in a hydro- 
chloric acid medium. Before the 
equivalence point is reached Au} 
is reduced at the cathode, and Cl- 
is oxidized at the anode 
| = lV Titration is conducted in the pres- 
ence of the redox pair Fell/Fell 
I 
Ag/Ag { Il Beyond the equivalence point, the 
age te material—Ag } (anode)— 
is oxidize 
He/Hg | Il As electrodes, ground mercury is 
used. Beyond the equivalence 
oint, the electrode material— 
g | (anode)—is oxidized 
- IV Titration is conducted in the pres- 
ence of the redox pair Felll/Felt 
= IV Titration is conducted in an alkaline 
medium in the presence of Hg! 
H+/Fe(CN)$- II Asa titrant, (NH,)sFe(CN)< is used. 
Beyond the equivalence point, H+ 
ig reduced at the cathode and 
Fe(CN)§- is oxidized at the anode 
Pe(CN)3-/ Fe(CN)é- II Titration is conducted in the pres- 
ence of Fe(CN)i- 
—_— I — 


Fel lp It 





430 


Electrode reactions 











dicator 
‘Deeg Ge | Thwent mleteds | seine aptlied, — 
ja ned mancartad m before the equiva- 
lence point 
CelY | N-Benzoyl- | Pt 800 Ce!Y/H,0 
poenyis or 
ydro- background 
xylamine 
Cupferron | Pt 1000 Col V/Cel!I 
Cl- Ag! Ag from 1 ae 
to 10 
lig! Ig from 4 — 
to 10 
acid 
Cr,02-, 
VO; 
Fe'll Pt 1000 The mechanism 
CriV Fell Pt 100 _ 
Fell Pt 150 ” 


II 
one III 20 Cu"/Cu | 
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Table 53 (continued) 





———— 





Which induce the Form of 
current curees. 
ean Remarks 
after the equiva- . 
lence point maint 
Se one Se ee eee 
‘iy I Before the equivalence point is 


reached, CelY is reduced at the 
cathode and, at the anode, water 
or the background electrolyte is 
oxidized, for example Cl-, if tit- 
ration is conducted in a sulphuric 
acid medium or in the presence 
of chloride 

H+/cupferron 111 Before the equivalence point is 
reached, cupferron reduces CelY. 
Beyond the equivalence point, 
H+ is reduced at the cathode, and 
cupferron is oxidized at the anode 


Ag!) II Beyond the equivalence point, the 

oi electrode material—Ag | (anode)— 
is oxidized 

Ug" /lig | II As electrodes, ground mercury is 
used. Beyond the equivalence 
oint, the electrode material— 


Hg | (anode)—is oxidized 


The titrate is the cobaltic carbonate 
complex solution 














a 
is not established 








ened: 
iint oxtail = Titration is conducted in the pres- 
t established ence of complexone Ill 
is not - se Titration is conducted in the pres- 
established ence of phenanthroline 
Fell T/pell Il = 
Fell /pell II Titration is conducted with a ferrous 


perchlorate solution in glacial ace- 
tic acid 


= I Before the equivalence point is 
reached, the electrode material— 
Cu |} (anode)—is oxidized, and Cul! 
is reduced at the cathode 
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Ts is eine nee 
Electrode reactions 

Substance 

being de- | = Titrant TT | Ning applied, | —$——$_$_—_____— 

termined 

















before the equiva- 
lence point 


Cyl Complex- Pt,  gra-| From 1000 — 
one III phite to 1400 
———_—_— $i (iid 
Felll Complex- Pt, gra-| from 1000 — 
one III phite to 1400 
Ascorbic | Pt 100 Felll/pell 
acid 














Fal! Cel, Felll pel! 
Mn0j, 
Cr,03- 
aie Felll/pell 
Se gece ee ee ee 2 
Fe(CN)8-] AsOz Pt 


150 Fe(CN )g-/Fe(CN)3- 


| ee es 
Fe(CN)4- MnO; 


IV ig 150 Fe(CN)$-/Fe(CN)3~ 
at 150 Fe(CN)3-/Fe(CN)s 
- t 


150 Fe(CN )3-/Fe(CN)3~ 
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Table 53 (continued) 



















ce ee 


Which induce Form of 
current cas titration 
——_—“—;t™SC—C—C—C—~s:«Céi'RS 
near the Remarks 
after the equiva- eqguiva- 
lence point aiict 
H++ 
ene /com- I] Beyond the equivalence point, H+ 
oe com- and cupric complexonate are reduc- 
xone III ed simultaneously, and complex- 


one III is oxidized at the anode 


td nd 


+ : 
et taal com- II Beyond the equivalence point, H* 
jexonate/com- and ferric complexonate are reduc- 
plexone III ed simultaneously, and complex- 


one III is oxidized at the anode 


= I Titration is conducted in glacial 
acetic acid with a ferrous per- 


chlorate solution 















Titration is conducted in the pres- 
ence oi an OsO, catalyst. This 
reaction can be used to indirectly 
determine Hg’, Coll, snl, spt, 
As, selV and others by the tit- 
ration of the excess of Fe(CN)3- 





CelV I 
e*/C_elll Il i 
_ Titration is conducted in the pres- 
ence of Fe(CN)§-. As a titrant, 
use can also be made of other 







cations which form sparingly sol- 
uble precipitates with ferrocy- 
anide, hexacyanoferrate (II); for 


example, Cd” 


Fe(CN)3-/F Py . . d d e h 
e(CN)§- II Titration is con ucted in the pres- 
nnn ence of Fe(CN)3- 


a ee 
28—1845 
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Electrode reactions 





Substance Volta indicator 
" Electrode ag 
§ pa. Tate Titrant material being applied, 
before the equiva- 
lence point 
H,0 Fisher's Pt 30 oa 


reagent 


$e td 


Hg" Complex- | Hg 


II 
one III aos Hg™/Hg } 
I- Pt 30 _ 
i \e.an-| So 
CBr] oF ep! | Hates 


400 
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Table 53 (continued) 


St er 




















; Form of 
curves 
—= | SOonear the Remarks 
after the equiva- gd 
lence point point 


Sepa 


Lji- I] This reaction is used to determine 
water in organic and inorganic 
materials 

ee ee ee 


—_ [ As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode mate- 
rial—Iig | (anode)—is oxidized 

I,/I- II Titration is conducted in the pres- 
ence of Cr,03- or I, 
SN a CES eT eet peepee; acto i canning | 
~~ I As electrodes, ground mercury is 
used. Before the equivalence point 
is reached, the electrode materi- 
al—Hg | (anode)—is oxidized 


Fe(CN)3-/Fe(CN)é- II Titration is conducted in the pres- 
ence of Fe(CN)3- 











rectly determine Cl,, H,0,, Og, 
Cull, THE! selY and others by the 
titration of I,, which separates 


— I This reaction can be used to indi- 
after adding an excess of iodide 








II Beyond the equivalence point, the 
electrode material—Ag | (anode) — 
is oxidized 

wis I Titration is conducted in the pres- 
ence of I, 













Agl/A I Titration of potassium tetraphenyl- 
g/Agy borate is conducted in icthete. 
Beyond the equivalence point, 
the electrode material—Ag | (ano- 

de)—is oxidized 


ee 


H+/Fe(CN)$- Il Beyond the equivalence point, H+ 
is reduced at the cathode 
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Electrode ane 
stan ndica 
Subesence Electrode Voltage 
being de- Titrant being applied, 
Hendy Bp material os 


hefore the equiva- 
lence point 








BrOs Pt 


one III Pt, 





Complex- Cathode: 210 — 
anode 
amalga- 
mated Ag 
Sele Gece a: CE ee ie 
MnOz | Feld Pt 100 — 
Fell Pt 150 
ae or 
Mo! MnO; Cathode: Without 
Pt, the ap- 
anode: plication 
Ag of volt- 
age 
Mo’! | ppl Pt 1300 _ 
NO; Fell Pe to | — | 
Nill Dimethyl- Cathode: 1500 Ni¥/ou- 
glyoxime amalgam- 
ated Ag 
anode: 
Pt | 
S0§j- ls be e | = | 
S,03- I 10; ie 





from 30 | —_ | 
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Table 53 (continued) 





which induce the Form of 
current poaeong 
preee the Remarks 
after the equiva- equiva- 
lence point point 


a 


Br,/Br- Il The titration of magnesium hydroxy- 
quinolate is conducted in the 


presence of Br- ; 
Mercuric com- IV Titration is conducted in an ammo- 
plexonate/Hg | nia buffer solution in the pres- 
ence of Hg"! 


Fell poll II — 
Titration is conducted with. ferrous 


Fell/pell II 
perchlorate solution in glacial ace- 
tic acid 


MnOz/A II Beyond the equivalence point, the 

a/AB electrode material—Ag | (anode)— 
is oxidized, and MnOjZ is reduced 
at the cathode 


II Beyond the equivalence point, Ht 
is reduced at the cathode, and 


Pb! is oxidized at the anode 
| 


Felll/pell | II _ 





Before the equivalence point is 
reached, Ni™ is reduced at the 
cathode, and OH™- is oxidized at 
the anode (alkaline medium) 


II Titration is conducted in the pres- 
ence of dimethylglyoxime 


Titration is conducted in glacial 
acetic aci 
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Electrode reactions 


Voltage indicator 
Substance Electrode pen 
being de- Titrant material heing applied, 

rmined m 


before the equiva- 
lence point 

a ok" pene pe ee ee 
scn- | Cel¥ Pt 200 a 





























Pt from 50 = 
to 100 
Sn | I, Pt 20 | ~— | 
ThiV Com plex- Pt 100 = 
one III 
Tp cer Pt | 100 | a | 
TI! Complex- Graphite, from 1000 ome 
one III Pt to 1400 
Fe(CN)é- Pt 400 = 
CelV Pt 100 — 
IV = 
U VO; Pt from 200 — 
to 300 
- l Pt on a 
piex- t 
one IJ] me H+/U'Y 
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Table 53 (continued) 


TT ee 














For f 
which induce the stratten 
curves 
| aa ped the Remarks 
after the equiva- oe 
lence 
lence point soint 
a I OL. ink ee oe ee 
Ce! V/Celll II Titration is conducted in the pres- 
ence of pyridine and an ICI cata- 
lyst. This reaction can be used 
to indirectly determine Cu™, Co!!, 
cal! Ni" by the titration of an 
. excess of SCN- 
oe 2 TC (eater eae: 
Br,/Br- | II | - 
a  ——— 
I,/I- | II | _ 
ee a: a Se See eee eee 
= IV Titration is conducted in the pres- 
ence of the Fe!!!/Fe!! redox pair 
ee, Se erin ellen! _aemed 
Col V/Coll! | II | ~ 
ee en See ener 
H+ + thallic com- I] Beyond the equivalence point, H+ 
plexonate/com- and thallic complexonate are re- 
plexone III duced simultaneously at the ca- 


thode, and complexone III is 
oxidized at the anode 
H+/Fe(CN)s- Il Beyond the equivalence point, H+ 
is reduced at the cathode, and 
Fe(CN)é- is oxidized at the anode 


Cel V/celll II 
eS a a Se en ee 

vY/yiv Il: 

Foll/Fell II 
— I Before the equivalence point is 


reached, H+ is reduced at the 


cathode, and U!Y js oxidized at 
the anode 
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Subst Electrode ponetons 
ubstance Vol Seppe 

= Electrode oltage 
oa) en materia} | being applied, —————————_,—— 


— before the equiva- 


lence point 


Cupferron | ptt from 1000 aot 


to 1200 


Fe(CN)s- 
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Table 53 (continued) 





which induce the Form of 
current peice 
ids eee ee pence the Remarks 
after the equiva- ulva- 
lence point point 





ae a, Axe eee 


H+/PpUl II Beyond the equivalence point, Ht 
is reduced at the cathode, and 


Pb" is oxidized at the anode 






H*+/cupferron II Boyond the equivalence point, Ht 
) is reduced at the cathode, and 
cupferron is oxidized at the anode 


a 





Fe(CN)8-/Fe(CN)s- II Titration is conducted in the pres- 
halite ence of Fe(CN)3- 
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Table 54 


Overvoltage of Hydrogen and Oxygen at 
Various Electrodes 


(at room temperature) 


The dependence of the hydrogen overvoltage nj;, on current density 
is expressed by the equation . 


NH, = 0.116 log i + k 






Current density, A/cm? 






Composition 0.00005 
Electrode of the solution | and leas 





0.0001/0.001] O.o1 


ee ee a: ee a 
overvoltage, V 

























Hydrogen 
Palladium | 2 H,SO, —U28 | = — — —_ 
Platinum (pla-| ditto 0.000 _ 0.03 | 0.04 
tinized) 2N H.S0 
Platinum 5V H,So, | 0.003) — | _ | g 07 | 0.29 
(smooth) ee, — 10.04] 0.10] 022} — 
2N H,SO 7! 
Gold 5 H2S0° 0.0177 — | — | 9/39 | 0.59 
Cobalt 2N H,S0, 0.067| 2? | O44 | 0.55 | — 
2N H.SO OST i =e — i. — 
Silver aA ’ a 
ON H,SO, — | 9.45] 0.57] o.69} — 
Vanadium 2V H,SO, 0.135; — — — i 
’ 2N H,SO, 0.1438} — “3 = —_ 
Nickel 0.15V HC] — |0.48)/0.28; — | — 
0.4NV NaOH | — | 0°48 | 9759 — 
Tungsten 2NV H,SO, 0.457] — il -- 
Molybdenum | 2v 11,80; O16) — | — | =] a 
2N 
5V NaOH — 1/032] < ma | 
0.182) — _— _ — 
—~ {0.83 /0.94| 4.04] — 
0.1909) — | ~' | 9'58 | 0.85 
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Table 54 (continued) 
Current density, A/cm? 


Composition [0.000 05 














Electrode of the wolution |and less|°-9001| 0.004) 0.01 0.1 
overvoltage, V 

Titanium 2N H,SO, 0 236 — =— — — 
Aluminium 2N H,SO, 0.296} — ~ -- - 
Carbon 2N H,SO, 0.335} 0.77 | 0.88 | 41.0 — 
Arsenic 2N H,SO, 0 369 — a ae — 
Bismuth 2N H,SO, 0.388] — — _ -- 
. 1N H,SO — — (O08 | £453) — 
Cadmium oN H.S0; 0.392) — om a _ 
Tin 2N H,SO, 0.401] — —_— 1.08 | 1.22 
Lead 2N H,SO,4 0.402] 0.98 | 1.4 4.21); — 
Zinc 2N H.SO, 0.482) — _— 0.75 | 1.06 
1N H,SO — | @.02/ 4.081 2.407, — 

M i a 
ercury 2N HSO,q 0.570} — 1.04 | 1.07 

Oxygen 
idi — —_ — |~0.4*| — 
Platinum ia, 
(smooth) o.av H.80,, — | 0.67) 0.78] — | — 
ei lead | 8N H,SO, — | 0.97 | 4.0 1.19 — 
ioxide 

ron 2N NaOH — | 0.44]0.48] 0.52] — 


* 0.023 A/cm?. 
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Table 55 


Potentials of Electrode Decomposition of 1.V Solutions 
of Selected Compounds 


Decomposi- acy sic 
tion poten- . on p - 
eee tal, V ii tial, V 


0.70 
1.49 
1.52 
1.78 
1.80 
1.85 
1.88 
1.92 
1.98 
2.03 
2.09 
2.35 


i) 
on 
bh 
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Table 56 


Flame Photometry 


Recommended wavelengths of the spectral lines and the molecular- 
band maxima for determining the elements with the aid of a spectro- 
photometer having glass optics and with the use of an air-acetylene 

ame 
(the wavelengths of molecular-band maxima are italicized) 






Wavelength, 
m 





Element 





Barium ..... 870.0 Lithium ..... 670.8 
Boron. ..... 545.0-548.0|| Magnesium... 384.0 
Calcium ..... 422.7 Manganese . . . .| 403.1-403.4 
Calcium ..... 622.0 Phosphorus 548 .0 
Cesium ..... 852.1 Potassium . .. .| 766.5-769.9 
Chromium... . 425.4 Rubidium... . 794.8 
uropium .... 459.4 Sogium « ss". « 589 .0-589 .6 
Gallium ..... 417.2 Strontium... . 460.7 
Indium ..... 451.4 Thallium .... 535.4 
OS ae 386.0 Ytterbium.... 398.8 
Lanthanum ... 438 .0 Poa ee 613 .0-616 .6 
Lanthanum .. . 794.0 
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Table 57 


itish and American Weights and Measures in 
trueviem with the Metric System of Measurement 


Metric 
Name equivalent 





Linear Measures 
1 mile = 1760 yards = 5280 feet = 63,360 inches 1.6093 km 


1 yard= 3 feet= 36 inches ......... 0.9144 m 
{4 foot\=12inches ......,,,..°°°° 0.3048 m 
ee oe Bhiiel an A mcd of ee SS bods a oe 2.5400 cm 


Liquid Measures 
4 gallon (Br.) = 4 quarts = 8 pints = 32 gills = 
= 160 quia GUIS: «ge Gb ce tee; 4.546 | 
1 gallon (Am.) = 4 quarts = 8 pints = 32 gills = 


= 128 fluid ounces ....,,.,,,...~,~ 3.785 | 
4 gallon (Br.) = 1.2009 gallon (Am.) ..... 4.546 | 
1 pint Mere = 4 gills=20 fluid ounces = 
= 160 fluid drachms = 9600 minims ...__ 0.5683 | 
1 pint (Am.)=4 gills = 46 fluid ounces = 
= 128 fluid drachms = 7680 minims ..,.., 0.4/32 | 
1 fluid ounce (Br.) = 8 fluid drachms = 480 mi- 
en oe Eee Ted 28.41 ml 
1 fluid ounce (Am.) = 8 fluid drachms = 480 mi- 
ced 29.57 ml 
1 fluid drachm (Br.) = 60 minims = 3 fluid 
ad, ne era 3.552 ml 
1 fluid drachm (Am.) . 2 7) ) 0 Dt 3.697 ml 
1 fluid scruple (Br.) = 20 minims |) | | 1.184 ml 
een, 2 eh nee. 0.05919 ml 
AG ie tf" 0.06161 ml 
A voirdupois Weight 
1 Br. pound (1b) = 16 ounces = 256 drachms = 
= GONE ke kg mw wT... 453.59 g 
; Br. long ton = 2240 pounds | | |) 1 1’ 1016.05 kg 
1 Br. short ton = 2000 pounds....,,.,.., 907.185 kg 
1 ounce = 16 drachms = 437.5 grains... , . 28.35 g 
1 drachm = 27.34 WOME Sin mt we 1.772 g 
eel Ee ee Le. 0.0648 g 
Units of Energy 
Br. foot-pound = 0.1383 kgfiem . . | 1.356 J 


Br. horsepower-hour (hp-h) = 0.746 kWh = 
= 274,000 kgf-m = 4.014 hp-h (metric system) 4690 kJ 
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Table 57 (continued) 
. —eaneeeeeeer erential elagicial ‘aissag iagatl 
Metri 
Name equivalent 
1 British thermal unit (BTU) = quantity of 


heat that raises the temperature of 1 Br. 
pound of water by 1°F ...- +++ ees 


Units of Power 


{ Br. foot-pound/second = 0,.0018144 hp (metric 
system) ae RR ET  e 1.356 W 
{ Br. horsepower = 1.014 metric horsepower . . 0.746 kW 
en 


0.252 kcal 
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Table 58 


Simplified Table of Five-Place Logarithms 


Every line gives the proportional parts of the mean values of the 
of their real values). Such a simplification leads to errors in mantissas 
and convenient to use as the tables of four-place logarithms. 


A. Logarithms 


30403 | 30320 | 3 
32222 | 32498 9 eae 
34242 | 34439 | 34 635 


30750 | 30963 | 34475 
32 838 | 33041 | 33 244 
34830 | 35025 | 35 248 
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Giorenices between the numbers which stand on the given line (instead 
ogarithms, but they are not over 0.00002. This table is as easy 


Proportional parts of the mean values of differences 


















































BE 
1 2 3] 4 5 B i? & @ 
c 42 85 127 | 170 242 254 | 297 339 381 
2938] 03 342] 03743] 40 81 121 | 162 202 242 | 283 323 364 
37 77 116 | 154 193 232 | 270 309 345 
06819! 07488] 07555] 37 74 114 | 148 185 222 | 259 296 333 
a i Se 
36 74 106 | 142 177 213 | 248 284 319 
10380] 10724] 11059] 34 68 102 | 136 170 204 | 238 272 307 
33 66 98 | 131 164 197 | 229 262 205 
136721 13988] 14301| 32 63 95 | 126 158 190 | 224 253 284 
30 61 91 | 122 152 183 | 213 244 274 
16 732] 17026] 17319| 29 59 88 | 118 147 177 | 206 236 265 
93 57 85 | 114 142 171 199 228 256 
19590| 19866| 20140] 28 55 83 | 110 138 165 | 193 221 248 
27 53 a 107 134 160 | 187 214 240 
22 272| 22531] 22789} 26 52 104 130 156 | 182 208 233 
96 50 76 | 101 126 1541 | 176 201 227 
24797] 95042! 25285] 25 49 73 | 58 122 147 171 196 220 
04 48 71] 95 119 143 | 167 190 214 
a & 6s 90 4113 135 | 158 180 203 
29 447 __| 29 447 | 29 667] 29885] 667| 29 885 98 110 132 | 154 176 198 


ilinee| ccamteued 597 | 34 43 64| 89 406 127 | 148 170 190 
33 646 33 846 34 O44 30 44 64| 84 101 421 | 141 162 182 
35 603! 35793] 35984] 20 39 58 77 97 146 | 185 154 174 
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Logarithms 
N 0 | 1 2 | 3 | 4 
wbedeye des feted 
23 || 36173 | 36361 | 36549 | 36736 | 3692 
24 || 38021 | 38202 | 38382 | 38561 | 38 739 
25 || 39794 | 39967 | 40140 | 40312 
26 || 41497 | 41664 | 41830 | 41996 12 160 
a | as | Gar | eae | Bue | Bre 
025 | 4517 
29 || 46240 | 46389 | 46538 | 46 687 re 335 
30 || 47712 | 47857 | 480014 | 48 
14 
a | See | Sas | Bis | Ba | oe 
786 | 5092 
4s 851 | 51983 | 52414 | 52 244 52 373 
148 | 53275 | 53403 | 53529 | 53656 
35 | 54407 | 54531 | 54654 
047 
z | es | 26! | Sur | Bit | ut 
. su 978 | 58092 | 58 206 38 390 58 733 
106 | 59248 | 59329 | 59439 | 59550 
40 || 60206 | 60314 | 60423 
60 53 
i | 61278 | 61 384 | 61 490 | of 505 | 61 700 
a fea 62428 | 625341 | 62634 | 62 737 
e la “i 63448 | 63548 | 63649 | 63 749 
5 | 64444 | 64542 | 64640 | 64738 
45 || 65321 | 65418 | 655 
14 
a | Gis | Sas | ee | en | sor 
i | Sis | tare | ae | eae | ob 
49 | 69020 | 69108 | 69197 | Enos. 69 373 
50 || 69897 | 69984 | 7007 
- . 0 
a | Sst | Sais | tae | rots | zon 
52 | 74 600 | 71 684 | 71767 | 74850 | 74 033 
33 | 72 28 | 72509 | 72594 | 72673 | 79203 
239 | 73320 | 73400 | 73.480 | 7a.se¢ 
74036 | 74115 | 74194 | 74973 7 
pe Zz 819 | 74896 | 74974 | 75954 =i. 
57 | 75.587 | 75664 | 75740 | 75 815 7a 
DA 76 843 | 76418 | 76492 | 76567 76 Gh 
77085 | 77159 | 77232 | 77305 7 on 














37 294 
39 094 


40 824 
42, 488 
44 094 
45 637 
47 129 


48 572 
49 969 
514 322 
52 634 
53 908 


55 145 
56 348 
57 519 
58 659 
59 770 


60 853 
64 909 
62 941 
63 949 
64 933 


65 896 
66 839 
67 764 
68 664 
69 548 


70 415 
71 265 
72 099 
72 916 
73 7419 


74 507 
75 282 
76 042 
76 790 
77 529 
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Table 58 (continued) 


Proportional parts of the mean values of differences 





7 8 9 
| | 1 2 3] 4 5 6 | 7 8 9 

37475 | 37658| 37840] 19 37 56 | 74 93 141 | 130 148 167 
39 270| 39445| 39620] 18 35 53 | 71 89 106 | 124 142 459 
40993| 441162] 41330] 17 34 51 | 68 85 102 | 119 136 153 
42.651] 42813| 42975| 16 33 49 | 66 82 98 | 115 131 148 
44248 | 44404) 44560| 16 32 47 | 63 79 95 | 414 126 142 
45 788 | 45939} 46090] 15 30 46 61 76 91 107 122 137 
479761 47 422| 47567| 15 29 44 | 59 74 88 | 103 448 132 
48714] 48855] 48996] 14 29 43 57 72 86 100 114 129 
50 106] 50 243] 50379] 14 28 41 55 69 83 97 110 124 
51455] 51587] 51720] 13 27 40 54 67 80 94 107 121 
52763] 52892] 53020] 13 26 39 52 65 78 91 104 117 
54033] 54158] 54283] 13 25 38 50 63 76 88 101 113 
55 267] 55388] 55509] 12 24 37 49 61 73 85 98 110 
56 467 | 56585] 56703] 12 24 36 48 60 71 83 95 104 
57 634] 57 749| 57864] 12 23 39 46 58 70 81 93 104 
58 771] 58883| 58995| 11 23 34 45 57 68 79 90 102 
59 879} 59988] 60097] 11 22 33 44 55 66 77 88 99 
60959] 61066] 61172] 11 24 32 43 54 64 75 86 97 
62014] 62 118] 62221} 10 24 34 42 53 63 74 84 95 
63 043] 63 144| 63246] 10 20 31 44 51 61 71 82 92 
64 048| 64147] 64246] 10 20 30 40 50 60 70 80 90 
65 031] 65 128] 65225} 10 20 29 39 49 59 68 78 88 
65992| 66087| 66181] 10 19 29 38 48 97 67 76 86 
66 932| 67025| 67417] 9 19 28 37 47 56 65 74 84 
67 852] 67943| 68034] 9 18 27 386 46 55 64 73 82 
68 753| 68842] 68931] 9 18 27 36 45 53 63 72 81 
69 636] 69723| 69810] 9 18 26 35 44 53 62 70 79 
70501| 70586] 70672] 9 17 26 34 43 52 60 69 77 
74 349] 71433! 71517] §& 17 25 34 42 50 59 #67 76 
72181] 72263| 72346] 8 17 20 33 42 50 58 66 75 
72.997| 73078| 73159] 8 16 24 32 41 49 o7 65 73 
73 799| 73878] 73957} 8 16 24 32 40 48 56 64 72 
74586] 74663] 74741] 8 16 23 31 39 47 99 63 70 
75 358| 75435] 75514] 8 16 23 34 39 46 54 62 69 
76 418| 76193| 76268] 8 15 28 30 38 45 53 60 68 
76.8641 76938| 77012| 7 15 22 | 30 37 44 | 52 59 67 
77597 | 77670] 77743] 7 15 22 29 37 44 o1 58 666 
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Logarithms 





78 104 
78 817 
79 518 
80 209 
80 889 


§1 558 
82 217 
82 866 
83 506 
84 136 


84 757 
85 370 
85 974 
86 570 
87 157 


87 737 
88 309 
88 874 
89 432 
89 982 


90 526 
91 062 
91 593 
92 117 
92 634 


93 146 
93 654 
94 154 
94 645 
95 134 


95 647 
96 095 
96 567 
97 035 
97 497 


78 176 
78 888 
79 588 
80 277 
80 956 


81 624 
82 282 
82 930 
83 569 
84 198 


84 819 
85 431 
86 034 
86 629 
87 216 


87 795 
88 366 
88 930 
89 487 
90 037 


90 580 
91 116 
91 645 
92 169 
92 686 


93 197 
93 702 
94 204 
94 694 
95 182 


95 665 
96 142 
96 614 
97 081 
97 543 


78 247 
78 958 
79 657 
80 346 
81 023 


81 690 
82 347 
82 995 
83 632 
84 261 


84 880 
85 491 
86 094 
86 685 
87 274 


87 852 
88 423 
88 986 
89 542 
90 091 


90 634 
91 169 
94 698 
92 221 
92 737 


93 247 
93 752 
94 250 
94 743 
95 234 


95 713 
96 190 
96 661 
97 128 
97 589 
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* Table 58 (continued) 


Proportional parts of the mean valuec of differences 


| 7 9 
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Logarithms 














96 | 98227 | 98272 | 98318 | 98.363 98 408 | 98453 | 98 498 
97 || 98677 | 98722 | 98767 | 98 811 | 98856 | 98900 | 98 945 
A 99123 | 99167 | 99244 | 99 955 99300 | 99344 | 99388 


95 | 97772 | 97818 | 97864 | 97909 97955 | 98000 | 98046 
99564 | 99607 | 99651 | 99 695 | 99739 | 99782 | 99 826 


B. Antilogarithms 
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Table 58 (continued) 





Proportional parts of the mean values of differences 





7 8 9 

| | 123 4 5 6 | 7 8 9 
98 091 | 98 137] 98 182 5 9 14 18 23 27 32 36 44 
98 543| 98588] 98632] 5 9 44 18 23 27 32 36 44 
98 989] 99034] 99078] 4 9 13 18 22 27 31 36 40 
99 432] 99476] 99520] 4 9 13 18 22 26 31 35 40 
99870] 99913] 99957] 4 9 43 17 22 26 31 35 39 











| Proportional parts of the mean values of differences 
7 "Ait 

. . {2 38 4 5 6 | 7 8 9 
10162] 10186] 10209} 25 7 9 12 14 16 19 24 
10399] 10423] 10447] 25 7 10 12 14 17 19 24 
10641] 10666] 10691] 25 7 10 12 45 17 20 22 
10889] 10914] 10940] 35 8 10 13 15 18 20 23 
11143] 11169] 11194] 35 8 40 13 15 18 20 23 
11402] 11429] 11455] 35 8 41 13 16 18 21 24 
11668] 41695] 11722} 35 8 11 13 16 19 21 24 
11940] 11967] 11995] 35 8 41 14 16 49 22 25 
12 218] 12246] 12274] 36 8 41 14 17 20 22 25 
12503} 12531] 12560] 36 9 11 14 17 20 23 26 
12794] 12823] 12853] 36 9 12 15 18 21 24 26 
13092] 13122| 13152] 36 9 12 15 18 21 24 27 
13397] 13428] 13459] 3 6 9 12 15 18 21 25 28 
13709] 13740| 13772] 36 9 13 16 19 22 25 28 
14028] 14060] 14093] 3 6 10 13 16 19 22 26 29 
14355] 14388] 14 4214 3 7 10 13 16 20 23 26 30 
14689] 14723] 14757] 3 7 10 43 17 20 24 27 30 
15034] 15066] 15101] 3 7 10 44 17 21 24 28 31 
15 382] 15417] 15453] 4 7 14 14 18 214 25 28 32 
15740] 15776] 15812] 4 7 11 14 18 22 25 29 32 
161061 16144] 16181] 4 7 11 15 18 22 26 30 33 
16 482 | 16520] 16558} 4 8 44 15 19 23 26 30 34 
16 866] 16904] 16943] 4 8 12 15 19 23 27 31 35 
17 258] 17298] 17338] 4 8 12 16 20 24 28 32 36 
17660] 17701] 17742] 4 8 12 16 20 24 28 32 36 
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Antilogarithms 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


4 8412 | 47 24 25 29 33 37 
4 813 | 47 21 25 30 34 38 
4 913 | 47 22 26 30 35 39 
4 9 13 | 418 22 26 31 35 40 
5 9 14 | 418 23 27 32 36 4! 
5 9 14 | 419 23 28 32 37 42 
5 10 14 | 19 24 29 33 38 43 
5 10 15 | 19 24 29 34 39 44 
5 10 15 | 20 25 30 35 40 45 
5 40 15 | 20 25 34 36 41 46 
5 40 16 | 24 26 34 37 42 47 
5 44 146 | 24 27 32 37 43 48 
5 41 16 | 22 27 33 38 44 49 
6 44 17 | 22 28 34 39 45 50 
6 41 17 | 23 29 34 40 46 54 
6 12 18 | 23 29 35 44 47 53 
6 12 18 | 24 30 36 42 48 54 
6 12 18 | 24 34 37 43 49 55 
6 13 19 | 25 31 38 44 50 56 
6 13 19 | 26 32 39 45 51 58 
713 20 | 26 33 39 46 52 59 
743 20 | 27 34 40 47 54 60 
744 21 | 28 34 41 48 55 62 
744 24 | 28 35 42 49 56 63 
7 14 22 | 29 36 43 50 58 65 
745 22 | 29 37 44 52 59 66 
8 15 23 | 30 38 45 53 60 68 
3 45 23 | 31 39 46 54 62 69 
8 16 24 | 32 40 47 55 63 74 
3 16 24 | 32 40 48 56 65 73 
3 146 25 | 33 44 50 58 66 74 
3 17 25 | 34 42 51 59 68 76 
9 47 26 | 35 43 52 64 69 78 
9 18 27 | 30 44 238 62 74 80 
9 18 27 | 36 45 54 63 72 82 
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Antilogarithms 


log 
























39 811 
40 738 
41 687 
42 658 
43 652 


44 668 
45 709 
46 774 
47 863 
48 978 


50 119 
o1 286 
52 484 
93 703 
04 954 


56 234 
O7 544 
98 884 
60 256 
61 659 


63 096 
64 565 
66 069 
67 608 
69 183 


70 795 
72 444 
74 134 
75 858 
77 625 


79 433 
81 283 
83 176 
85 114 
87 096 


89 125 
91 201 
93 325 
95 499 
97 724 













39 994 
4() 926 
41 879 
42 855 
43 853 


44 875 
45 920 
46 989 
48 084 
49 204 


90 350 
D1 523 
92 723 
93 954 
95 208 


06 494 
97 810 
59 156 
60 534 
61944 


63 387 
64 863 
66 374 
67 920 
69 503 


74 124 
72 778 
74 473 
76 208 


| 77 983 


79 799 
81 658 
83 560 
85 507 
87 498 


89 536 
91 622 
93 756 
95 940 
98 175 











40 179 
41115 
42 073 
43 053 
44 055 


45 082 
46 132 
47 206 
48 306 
49 434 


90 582 
o1 761 
52 966 
04 200 
99 463 


96 754 
08 076 
09 429 
60 814 
62 230 


63 680 
65 163 
66 684 
68 234 
69 823 


714 450 
73 144 
74 817 
76 560 
78 343 


80 168 
82 035 
83 946 
85 904 
87 902 


89 950 
92.045 
94 189 
96 383 
98 628 


40 272 
41 210 
42 170 
43 152 
44 157 


45 186 
46 238 
47 315 
48 417 
49 545 


90 699 
514 880 
93 088 
94 325 
59 590 


06 855 
98 210 
99 566 
60 954 
62 373 


63 826 
65 313 
66 834 
68 394 
69 984 


714 614 
73 282 
74 989 
76 736 
78 524 


80 353 
82 224 
84 140 








40 458 


42 364 
43 354 
44 361 


45 394 
46 452 
47 534 
48 641 
49 774 


50 933 
52 149 
53 333 
54 576 
55 847 


57 148 
58 479 
59 844 
61 235 
62 661 


64 121 
65 615 
67 143 
68 707 
70 307 


71 945 
73 624 
75 336 
77 090 
78 886 


80 724 
82 604 
84 528 
86 497 
88 512 


90 573 
92 683 
94 842 
97 054 





99 312 





40 644 
41591 
42 560 
43 5514 
44 566 


45 604 
46 666 
47 753 
48 865 
50 003 


51 168 
52 360 
53 580 
54 828 
56 105 


57 412 
58 749 
60 117 
61 518 
62 954 


64 417 
65 917 


99 770 
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Table 58 (continued) 


Proportional parts of the mean values of differences 


i2 3 


4 


5 


6 


7 


9 


Appendices 


Examples of Using Some Tables 


Table 7 


Analytical and Stoichiometric Multipliers (Factors) 


The table is intended above all for calculations connected with 
analytical determinations by i 


material, two cases are possible. 


ng analysed; for or ky 

ent in bronze, copper is separate ie 
ergctrolysis and weighed as such, and in another case, SiO, from es 
: 7 iO, whose form usually express 


n these’cases, the pereantags ° 
the unknown component is calculated by the simple formula 


a. = g 


where a = mass of the 


&§ = weighed portion of a substan 


g are expressed in th 
For calculation, two 


: f 
ust be expressed in the percentage 0 in 
element (Si), Sometimes, the weighed Substance does not ee mt 
the element being determin Ss, in determining N in ammop of 
(NH,4)oPtCl, which js 


analyse alculate the Percentage of N in the salt being 
| t 
In all these cases It is obvi te the amouD 
of the unkn lously necessary to calcula 


e 
Own Component to Which the found mass of the weig 
substance (a) corres ‘ » in determining Si, mins es eiie 

® divided by the molecular Weight of SiO, and multiplied by 
atomic weight of 


. . 7 
Si, ie., = ; in determining P, the found mas® 
must be divided by the molec, 


° ied 
by th Olecular Weight of Mg,P.07 and multe 
¥ the double atomic Weight of P (since the Mg,P,0, molecule 
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; , a 2P ‘ _ 
tains 2P), i.e., iesP.0, - in determining N, the found mass a must 


be divided by the atomic weight of Pt and multiplied by the double 
atomic weight of N, i.e., a , since in the (NH,4),PtCl, compound, 
two atoms of N combine with one atom of Pt. All the values of these 


] 

fractions, i.c., = = a , iM etc., and their logarithms, 
SiO, MgoP.0, Pt 

are = in Table 7, where they are called multipliers and designated 

by the letter / (they are also called factors, conversion factors, chemical 

multipliers). Thus, the content of the component being determined 

in the weighed substance will be af, and its percentage in the material 


eing analysed will be: 
af x 100 ,, 
/0 











t= 


g 
Thus, the calculation is performed by finding three logarithms 
(one from Table 7, and two from the common logarithm table), adding 
two of them and subtracting the third one. 
Since the operation of addition and subtraction cannot be perform- 
éd in one column, it is necessary to learn how to quickly find its com- 


plement to unity by logarithm. Then, the entire operation consists 
in adding th antissas: log z = log a + log f + (1 — log g). The 
Ne glen pe gece F og 100 = 2) are not taken 


Characteristics and the whole number 2 (1 
into account. When the operation is completed and the number z 


is found by i i it is easy to find the proper place of the 
y its logaritha, © * known whether the material 


decimal point in it, since it is always 
eing analysed contains, say, 8.3 or 83 or 0.83 per cent of the compo- 


nent being determined. ; 
To find the complement of log g to unity, the last figure of the 


Mantissa is subtracted from 10, and the remaining figures are sub- 
tracted from 9; for example, if the mantissa of log g is 34 906, its 


Complement to unity is 65 094. 


Examples of Calculating the Results of Gravimetric, 


Analytical Determinations 
Ex “49 Cu in brass, a portion of a shaving ¢ 
weighing 1.1238 g crlaken. ‘The mass of a pure platinum electrode 
IS 12.4826 g: the mass of the same electrode coated with deposited Cu 
is gi @ after drying. Find _ percentage 1828 Bi sa aor 
i 2} = 1 e g 7 . — . g. 
1e mass of deposited Cu a 0.8139 x 100 





The unknown percentage of Cu is == 1.1238 - We find 
the logarithms in Table 58 (p- 448) and write down the mantissas 
Without the characteristics: 91 057 


05 069 


log z = 85 988; 7 = 72.42% 
It j the calculating formula that the final result 
will bye en ates tatere Who decimal point. In working out this 
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id not have to use the multipliers of Table 7, since the 
came ot brass (Cu) being determined was weighed in the form 
* aie 2. To determine Mg in limestone, a portion weighing 
1.2496 g is taken. After SiO,, Fe, Al and Ca are separated, Mg = 
precipitated in the form of MgN H,PO, which by calcination tee 
verted to Mg,P,0,; the mass of the calcined precipitate a = 9.0551 g. 
Find the percentage of magnesium in the limestone, os 

We find in the common Jogarithm table: log g = log 1.2456 - 
= 09 540; log a = log 0.0551 = 74 115. As in the preceding example, 
we find only the mantissas. t 

In Table 7 we find Mg in the first column, Mg,P,07 in the — 
column, and then on the same line tho value of multiplier f equa 
to 0.2184, and log / equal to 33 930. Now we add: 


log a = 74 115 


log f = 33 930 
1 — log g = 90 460 
ae... cite 
‘og z = 98 505 


The Mg content is 0.966 or 0.97%, 
Since in the mass of 


2g ge inaccuracy of ordinary 
weighings on an analytical balance), whi 


1 is 0.4% of the relatiy® 
be also in the final resU 


ides 
may be other sources of errors besid 


to 0.97%, it is expedient to round the result obtaine 
Table 14 

Calculation of the Results of Volumetric-Analytical 
Determinations 


. . i i S 
volumetric-analytical determination’ 


e 

| © ratio (1 mole of KMnO,: 5 m0 

. Fe?) is used to determine tho Fe monroe This is an intricate bind 

of calculation, and therefore it is unacceptable, ‘lo simplify ee I- 
® concentrations of solutions are expressed in norm 


. | . , 
. The normality or the normal concentration of a solution is fos 
oe = ber of equivalents of a solute in one litre of the st 
; milligram equivalents in ¢ illili { the so 
hemical equivalent ig a : ST oe millilitre o 


4 ° f an a 0 
or a molecule which: term applied to the active part 0 
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(a) in neutralization reactions corresponds to one hydrogen ion H+ 


or one hydroxyl ion OH~- that forms water. 

For example, in the reaction H;P0, + 2NaOH = Na,HPO, + 
+ 2H,0, two ions of H+ and two ions of OH- form two molecules 
of H,O. It follows that there are 1/2 molecule of H,PO, and one mole- 


2N 
cule ae ) of caustic soda per one ion of H* or OH-. These values 
are their equivalents; 

(b) in oxidation-reduction 
that a molecule or an ion of asu 
reaction, 

For example, KMnO, reacts as an oxidizing agent in an acid medium 
according to the equation: 

MnO; + 8H* + 5e > Mn*t + 4H,0 

It follows that there is 1/5MnOj or 1/5K MnO, per electron, which 
are equivalents. Oxalic acid HC, 0, reacts as a reducing agent accord- 
ing to the equation 


reactions corresponds to one electron 
hstance accepts or gives off in a given 


C,03- — 2e > 2CO, 

O07", or 1/2H,C,04, or 1/2H,C,0, -2H,O 
Per one electron; these values are the equivalents; 

_ (c) in precipitation and complexing reactions corresponds to one 
ion of a univalent metal, 1/2 i ivalont metal, and so forth, 
that form a precipitate or a complex compound. Thus, 10 titrating 


Cyanide with silver salt a 
Agt + CN- = AgCN or AgNOs + KC 
the equivalent of KCN is equal to one molecule, and in titrating 
® same cyanide according to Deniges: 


Ag+ + 2CN- = Ag(CN)z oF AgNO; + 2KCN = KAg(CN)a+KNOs 


the equi ig equal to two molecules. . 
oa ag Pl wo seo that the chemical equivalent of 


@ substance is not a constant number, but depends on the reaction in 


Which the su articipates. 
Ral aang Py illigram-equivalent) weight of an element 

or compound is its equivalent weight expressed in grams (or milli- 
ams). ; ' 
If the : titre) of a titrating solution (sometimes 
Called a pen dae i is expressed by its normality V,, and Z, 
1s its equivalent weight, every millilitre of the solution will contain 
NE, mg of the titrating substance: Having used V ml of the solution 
in the titration, we introduced VN,E, mg of the titrating substance 
into the reaction. Since a reaction occurs always between the quanti- 
ties of the substances proportional to their equivalents, the quantity 
of the titrated substance (being determined) will be VA s£, mg, where 
x is the equivalent weight of the substance being determined. It 
follows that for calculations, it is necessary to know only the normal- 
ity of the titrating solution /"s and the equivalent weight £, of the 
Substance being determined. The latter can be found in Table 14, 
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i ined in the weighed 
tage (z) of the substance being determine 
saethon ert pe Hat wah by the formula: 





100 VN,E. 
pai X 100 % or r a 0% 


where g is expressed jn mg, and g’ in grams. 


A. Determination of the Normality of a Titrant 
(Finding of the Titre) 


, of 
In establishing the normality of a solution, a certain pe 
a starting substance g, is weighed. The Weighed portion is dis 


and the solution obtained is titrated with the solution whose pare 
(V,.) is to be determined, Suppose V ml is used in titration. 
VNxE, = g, and 


Bs 
= 
x V . 


ich 
where E, is the equivalent weight of the starting substance whic 
can be found in Table : the value of g, is expressed in mg. ‘table 

The weighed portion of the substance is dissolved in a sui 
solvent (usually water 


. e e 
) in a volumetric flask, diluted with it to volum 
1 Ml), and a certa 


* 4 rit 
in volume (V2 ml) is taken for the titration wi 
& pipette. In this caso 
— &sVo 
Ne TE 


Ezample 1, A portion of pure sodium oxalate Na,C,0, daring 8° 
105-110 °C Weighing 0.2712 ¢ is dissolved in Water. On adding H, late 
the solution is titrated with 39.88 ml of the K MnO, solution. Calcu 

ity of the latter 


In Table 4, we find: 


ENac204 = 67 000; log E, = 82 607 
log g, = log 271.2 — 43 329 

1—log V =f _ log 39.88 = 39 924 

4 — log E, = 4 — log 67 000 = 17 393 


P to 
If the hormality of a Solution (Vy is determined according r 
another solution of known normality hi 2), then V, ml of the forme 
is titrated with the latter, 


‘on is 
Suppose V, ml of the latter solution 
used in the titration. Then ? : 


i 
Example 


. . . hed 
2. The normalit of the NaOH . V.) is establis 
the fone to 0.09854.V HCl soytee N2OH solution (14) 


0 
olution. For the titration of 20.00 mty 
the former, 21.12 ml of the latter are used. Calculate the norm 
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of the NaOH solution 
Kies 0.09854 « 21.12 
20.00 
log 0.09854 = 99 362 


log 21.12 = 32 469 
1 — log 20.00 = 69 897 


log V, = 01 728; NW, = 0.1044 


In practice, the concentration of the titrant (7's), titre of the 


solution according to the substance being determined) is very 
often expressed in the amount (in mg or g) of the substance being 
determined that titrates 1 ml of the 7, solution. Knowing the normal- 
ity of the solution, it is easy to find its titre by the following formula 
relative to any substance being determined: T siz = NsEx (Ex can 
be found in Table 14). For example, the titre of 0.1023N KMnO, 
solution relative to iron is Tyn0z/Fe = N,Ere = 0.1023 X 


X 55.847 mg/ml; its titre relative to iron oxide is Tino /Fe03 = 
= NsEFen9, = 9.1023 X 79.846, etc. The percentage of the substance 
being determined is 

we PN eFs X 100 _ Truex $00 0% 


where g and 7), are expressed in the same units. 


If a titre of a solution relative to a substance is known and if it is 
necessary to find its normality or titre relative to another substance, 


the following formulas can be used: 
rte _ << 


h 
ence r, 


Tp=T 2 Ey=NEp= ++i In = Ba F 
“ ion relative to Fe is 
Example 3. The titre of the KMnO, ara and its titre relative 


1008483 g/ml. Find the normality of this so 
0 Cr, 


—73 902 
= ?vino;/Fe og Tyn0-/Fo= log 0.005483 
A¥e _ 4— log 55.847 = 25 300 
1— log Bre = 2 y= 90 202 
N =0.09818 
r Mn0;/Fe! Cr , 
L MnO;/Cr = — in , 


30— gq 
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1—log Ep,=1— log 55.85 = 25 300 
log Egy = log 17.332 = 23 885 
Tynoz/cr = 0.001702 g 


B. Determination of the Percentage of the Unknown 
Component in a Test 


Example 1, To determine the Na,CO, content in a soda melt, a por 
tion of it weighing 1.100 g is dissolved in water and the oven 
obtained is titrated with 0.5012 H,SO, solution in the peenee t 
a bromophenol blue indicator. What is the percentage of Na,COs 
35.00 of the acid are used in the titration? 


Using Table 14 (see A, Acid-Base Titration), we find that Eya,cos’ 
with a bromophenol blue indicator, is 92.995, log E = 72 423. 
log V = log 35.00 = 54 407 
log NV, = log 0.5012 = 70 001 
log Ey = log 52.995 = 79 423 
1—logg=1— log 1.100 = 95 g64 


log z = 92 692; z = 84.51% 
Example 2. Using the same data as in Example 1, find the percenta- 
ge of CO, in the soda melt. 
The solution remains the same, but instead of ENasCO3" 
Eco, = 22.005; log FE = 34 252 in Table 14, 
Summing up: 


we find 


log V = 54 407 

log NV, = 69 897 

log E,. = 34 252 

1 — log g = 95 g64 
log x = 54 417; x = 35.01% 


_, Example 3. Calculate the percentage of Fe in a sample of iron oF® 
if on dissolving a portion of 


the ore weighin 0.7872 ¢ and reducid 
Fo by metallic Zn, 47.24 ml of 0.1105 KMa0, solution were use 
Mm titration, 


From Table 14 (see B, Oxidation-Reduction Methods) we have 
Lye = 95.85; log E = 74 702. Addition gives 
log V = log 47.24 = 67 434 
log V, = log 0.1105 = 04 336 
log E, = log 55.847 = 74 700 
41—logg= 4 — log 0.7872 = 10 394 


log z = 56 858; xz = 37.03% 
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Example 4. To determine Mn in steel by i | 

t. y the bismuthate met 

Fame weighing a gal Ape dissolved in HNOs. In the pie 

The ta Mn is oxidized with sodium bismuthate NaBiO, to HMnQ,. 

painens ~ is determined by the addition of 40.00 ml of 0.02842 

Ruco. ) paone s salt and a back ¢itration with 13.50 ml of 0.03012N 
= 4 solution. Find the percentage of Mn in the solution. 

a. ince the product VN gives the number of mg-equiv of any sub- 
ce, it is expedient to perform the calculation by the following 


formula: 
_ (VaNa—VoNo) E..-100 7 
g& 
volume and normality of the solution of Mohr’s 


J salt, respectively 

= V, and N, = volume and normality of the KMnQ, solution. 

th n Table 14 we find that in determining manganese by the bisrau- 
ate method, £, = Eypy = 10.9876; log E., = 04090. 


We have: 


where V, and V, = 


40.00 X 0.02842 = 4.1368 mg-equiv 


V.No = 
Vi, Ny, = 13.50 X 0.03012 = 0.4066 mg-equiv 
V.Vq — V,Np = 1.1368 — 0.4066 = 0.7302 mg-equiv 


log 0.7302 = 86 344 
log Eyn = 04 090 
1 — log 1.1452 = 94 110 
log z = 84 544; z = 0.70% 
Example 5. How much of the KMn0O, solution of the same concen- 
tration would be used in the titration of a portion weighing 1.1452 g 
if Mn was determined not by the 


of the same steel (see Exampte 4 
bismuthate method, but by: Vol ard’s method? 


pce LN ol: 100 9 
4 


Here g is the weighed portion expressed in milligrams. 
In Table 14, we find that, when Mn is determined by Volhard’s 


method, Ey, is 16.4814, log E = 21 699. 


. V x 0.03012 x 16.4814 x 100 . 
7 7145.2 ; 


log 0.70 = 54 510 

log 1145.2 = 09 889 

4 — log 0.03012 = 92 415 

4 — log 16.4814 = 78 301 
log V = 20 815; V = 16.15 ml 


0.70 X 1445.2 


0.7 ™ | 
0 0.03012 x 16.4814 x 100 
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Table 16 


Calculation of the Results of Gas 
and Gasometric Analyses 


Here are examples of calculations made according to the formulas 
i . 136. wil. 
oe 1. The volume of gas (V), measured over water, is — im 
The temperature of gas ¢=22.8°C. Barometer ape ce 
=720.4 mm Hg. The temperature of air, measured near the aro ~ ’ 
“ = 22.4°C. Bring the volume of 4 gas to apeneee conditions. 
First of all, the barometer reading is correcte . 
To bring it to 0°C, we should subtract t'/8 mm from it. ovo han 
the gas is collected over water, its pressure in the vessel is ag a 
the pressure of the surrounding air by the value of P, whic LP oie 
water vapour pressure at ¢t = e °C. This value must also be 
tracted from the barometer rea ing. ' - 
In Table 16, in the “Water” column with ¢ = 22°C we have Pz 


0 ict ‘he dif- 
= 19.8 mm Hg, and with t = 23°C, Py = 24.1 mm Hg. T ' 
ference between them is 1.3 mm Hg. We find 0.8 of this difference 
0.8 X 1.3= 1.0 mm a 


nd add it to 19.8 mm Hg. It follows that Pp 
at 22.8°C is 19.84+-1.0 = 20.8 mm Hg. 
Hence, 


The unknown volu 


me of gas Vj = VF. To find log F, we use 
section A, 
We have: 
bo” Po = 696 mm Hg Py = 696.8 mm Hg P, = 697 mm Hg 
22 92 807 92 857 92 870 
22.8 — 92 739 oe 
23 92 660 


The difference between 92 807 and 92 870 is 63. In the table of 
differenc we find 0.8 of th 


een 92 807 and 92 660 is 147. In the table 
of differences, we find 148, which j i- 
which 0.8 is 148.5, subtracting this number ferry 857 we get approx 
mately 92 739, 


log V = 40 824 
log F = 92 739 


log Vy = 33 563: Vo = 21.66 ~ 21.7 ml 
h 


, d 
It should be noted that in most analytical cases there is no 2e° 
to make a correctio i i 


ts of sufficient accuracy. Thus, if we 
the value corresponding to 23°C, we would 0 


mm Hg. From Table 16,A, for t= 23°C aP 


P, = 21.1 mm Hg, 
Po = 696.5 = 697 
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P, = 697 mm Hg we would have log F = 92 723, and finally Vo = 
— 24.65 ml, which differs little from the preceding result. 
Example 2. What is the weight of 43.7 ml of NO, measured over 
28.6% KOH solution at 17°C and a barometer reading of 757 mm Hg? 
Suppose the temperature of mercury in the barometer is also 17 oC 


Py=757——10.2 ~ 745 mm Hg 
mm Hg is found in Table 16,B (17 °C, KOH 
VFp; we find log F in Table 16,A, 


The value of 10.2 
28.6%). 

The unknown mass is equal to 
and logp in Table 16,C: 


log V = log 43.7 64 048 
log F = 96 506 
log p = log 1.3402 = 12 717 


log z = 73 271; « = 54.0 mg 


Example 3, From 4.200 g of commercial calcium carbide, 395 ml 


of acetylene (C,H,) is obtained at 17.5°C and P,; = 755.3 mm H 
d at 16 °C). The gas is collected over a saturate 


(the pressure is measured a 
NaC] solution. Calculate the percentage of CaC, in commercial carbide. 


Pp =155.3—q—11.4—= 741.9 mm Hg 
The value of 11.4 is found in Table 16,B, interpolating between 


the numbers 11.0 and 11.7. _ 
The unknown percentage 1S 
VFf' x 100 , 


/ 
40 
g 


n Table 16,A, and f’ in Table 16,D. 





+ —! 


The value of F is found i 
log V = log 399 = 59 660 
log F = 96 256 
log f’ = log 2.8877 = 46 055 
4—logg=1 — log 1200 = 92 082 
log z = 94 053; x = 87.20% 


Example 4. In the reaction of an acid with 0.250 g of zinc dust 
79.6 ml of Hg is evolved, the latter being measured over water at 
90°C and a pressure of 742 mm Hg (the temperature of mercury in the 
barometer is also 90°C). Calculate the Zn content in the zinc dust. 


py=Ti2—G—17.5 = 122 mm Hg 


VFf' -400 
= 


0 
7 % 
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log V = log 79.6 == 90 091 

log F = 94 696 

log f’ = log 2.9145 = 46 456 

1 — log g = 1 — log 250 = 60 206 


log z = 91 449; x = 82.13 = 82.1% 


The final result must not have more than three significant figures, 
since only three significant figures contain the results of weighing 
and volumetric measurement. 

Tn some instruments, gas burettes are calibrated in a way that 
they directly read the percentage of the substance being determined 
if the weighed portion is constant (usually 1 g or 0.5 g) and if the gas 
in the burette is at a definite temperature and pressure. But when the 
temperature and gas pressure do not coincide with those indicate 
on the burette, a corresponding recalculation must be made. 

Example 5. in determining C in steel by the combustion method 
in the O, current, the volume of CO, formed is measured with a gas 
burette of the Wirtz-Strdlein instrument showing the percentage 
of C when the weighed portion of steel is 1000 g and when the tem- 
perature and gas pressure in the burette are 16°C and 760 mm Hg. 
A portion of steel weighing 1000 g is taken; the temperature and gas 
pressure are 20°C and 740 mm Hg. The burette reading is 0.52% C. 

What is the real content of é in steel? In Table 16A, we fin 
log 760,16 «¢ = 97 522; log Fy45 99 og = 95 766. The first logarithm 
must be subtracted from the logarithm of the percentage of C found, 
and the second logarithm must be added to it: 


log 0.52 = 74 600 
1 — 97 522 = 02 478 
95 768 


log x = 69 844: xz = 0.49% 

The difference in the values of vapour pressure over the concel- 
trated alkaline solution at different dem Bo is neglected here- 
If the temperature of the measured gas deviates from 16°C only bY 
several degrees, the error arising from this is not over 0.01%. 


Table 18 
Densities and Concentrations of Solutions 


In literature dealing with analytical chemistry, concentrations 
of acids and bases are expressed in different, ways: (1) in terms 0 
density (for example: “5 ml of hydrochloric acid with a density of 1. 1 
is added”); (2) in terms of the dilution of concentrated commerci® 
acids {for example: “10 ml of diluted (4 dde 
to the solution”, which means that one vo 


terms of the percentage of the Teagent (for example: “2 ml of 25% 
ammonia solution”) and, finally, (4) in terms of the normality of t2° 


— _ — — 
——— —— 


i 
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_ An analyst has therefore to convert the concentrations in calcula- 
ting reagents used in the reaction on the basis of the solutions whose 
concentrations are expressed in different ways, and so forth. The 
conversion tables serve the purpose. It is the easiest to perform stoi- 
chiometric calculations if the concentrations of reagents are expresse 
in their normalities. Therefore, the tables give the normal concentra- 
tions of acid and base solutions. 

Here are a few examples concerning calculations with these tables. 

Example 1. In analysing tin bronze, nitric acid with a density 
of 1.2 g/cm3 is used to dissolve it. How can tho acid be prepared from 
concentrated commercial nitric acid with a density of 1.4 g/cm® 
without the aid of an areometer? The normality of nitric acid with 
a density of 1.200 is 6.273N (Table 18,A); it follows that one litre 
of it must contain 6.273 g-equiv. The normality of concentrated nitric 
acid with a density of 1.400 is 14.88N; one litre of it contains 
14.88 g-equiv. The required quantity (6.273) of gram-equivalents 


of HNO, is contained in oe 38 x 1000 = 421.6 ml of concentrated 
nitric acid. Measuring out this volume and diluting it with water 
to one litre, we obtain nitric acid whose density 1S 4.4. 
Ezample 2. In the course of an analysis, 5 ml of diluted 4 : 4) 
NO, are added to a neutral solution and then neutralized with 
ammonia. How many millilitres of concentrated (209%) ammonia 
solution will be used in the neutralization reaction? 

The expression “diluted (4 : 4) nitric acid” implies that one volume 
of concentrated nitric acid with a density of 1.400 is diluted with 
four volumes of water. The normality of concentrated acid with 
a density of 1.400 is 14.881, and that of the diluted acid will appar- 
ently be 14.88 : 5 — 2.98N. Five millilitres of this acid are added 
to the solution being analysed; to neutralize it, 5 ml of ammonia 
Solution of the same normality 2.98) are apparently necessary. 

@ normality of concentrated 2 o% ammonia solution 1s ow 


(Table 18,1). It follows that, to neutralize nitric acid, =3-45-= 

= 1.42 ml of concentrated ammonia solution will be used. 
Example 3. A portion of rock weighing 1 g is melted in a platinum 
Crucible with six times as muc anhydrous NasCOs. The melt 
eached with water and oxidized with diluted (1 : 1) hydrochloric 
f this acid must be added to completely 


acid. How many millilitres 0 ( 
neutralize Na,CO, without the acid being too excessive? 





i : ——— 


or 
6000_ _ 443.23 mg-equiv 


52.9949 
F ‘zation, it is necessary to add the same quantity of 
Fe cia of HCl. The normality of concentrated Coden. 


milli a =q i lents 0 . 
chloric maid’ with a density of 1.190 is 42.50NV, and that of diluted 
: 4) acid is consequently 6.25N, i.e., 1 ml of the latter contains 
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113.23 _ 
6.29 mg-equiv of HCl. It follows that Na,CO, is neutralized by 6.95 ~ 


= 18.12 ml of diluted (1 : 1) hydrochloric acid. If 20 ml of the acid 
are added, it would not be too excessive. : 

These examples show how much easier it is to perform calculations 
when concentrations of acids and bases are expressed in their normall- 
ties. Table 18 helps convert differently ex pressed concentrations. 
The reliability of the table is so great that its data can be used “or 
preparing titrants of acids and alkalies according to density. 
titre of the prepared solution must nevertheless be checked ; y 
a weighed portion of a parent substance. Here is an example of calcula 
tion when a titrating solution is being prepared. = 

Example 4. To prepare 1N HCl titrant, an acid available in the 
laboratory is taken, its density determined with an areometer is 
equal to 1.082 g/cm?. 3 

From Table 18,C we have: the acid with a density of 1.080 g/cm 
has a concentration of 4.878N and that with a density of 1.085 g/ oe 7 
9.192N. By interpolation, we obtain the following normality for a ae” 
sity of 1.082: 





4878-45 (5.192— 4.878) = 4.878 +5 0,314 = 5.004 


a one-litre volumetric flask, dilute it with water up to the volume 
and add another 0.8 ml of water (1: 5.004 = 200 : 1000.8). 


Table 19 
Chief Acid-Base Indicators 


For volumetric-analytical titrations (acidimetry-alkalimetry ™® 
thods), it is necessary to select indi ate our in the 
pH range as little nf possible, a pi age em <1 
changes colour at PH values from 5.0 to 8.0, are not suitable at 
for titration. Of little use are also indicators whose colours 0) 
forms lie ina spectrum too close to one another, for example, indi¢ - 
which change their colour from red to orange, from orange or orange 
red to yellow, from blue-violet to blus, and so forth. In recent yar 
indicators which sharply change their’ OPPorte 
ones in very narrow pH limi ized: for examp.”? 
nitrazine yellow, whith ease ie Yen synthesized; fo olet 
within pH 6.0-7.0 


wal vitiae oH B umline blue, which is colourless at P 4 


° e a ; ic 
dceamiuatine eee an indicator for volumewic-analy¥",, 
as close as possible to the pH 
when the equivalence Point is 
at which the observer can cl] 


te. This is a conditional value which di 


O-s 
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different persons who perform titration. If the eye could easily detect 
the slightest change in colour, the pT would obviously coincide with 
the equivalence point. But since titration is usually completed at 
visible colour change, it can be assumed that, with dichromatic 
indicators, the pT is approximately at one-quarter of an interval from 
its corresponding limit.* With monochromatic indicators (phenol- 
phthalein, nitrophenols), the pT almost coincides with the beginning 
of the appearance of colour, provided that the indicator is used in the 
dilution at which its colour change was determined. 

For analyses of great accuracy, it is always necessary to separately 
prepare a buffer solution with a pl which coincides with the pH 
of the equivalence point and add the indicator to it, and then titrate 
the solution being analysed until its colour coincides with the colour 
of the prepared reference solution. 

When a weak acid is titrated with caustic soda, at the end of the 
titration a solution of sodium salt of the acid is formed which, as 
a result of the hydrolysis of the salt, has an alkaline reaction. Knowing 
the ionization constant of the acid, the pH of the solution formed can 
be determined and, in accordance with this pH, a suitable indicator 
can be selected. This is also true of acid titration of a weak base solu- 
tion, when a salt is formed which has an acid reaction in the solution 


as a result of hydrolysis. 


in hydrochloric acid titration of 
Na,CO,), the solution will contain, at 


and weak acid (for example, \ 
the end of the titration, neutral chloride of the alkali metal and free 
weak acid, consequently having an acid reaction. Knowing the ioniza- 
tion constant of this acid, we can. calculate the pli of its dijuted 
solution obtained at the end of titration and select es | 
When a strong acid is titrate with a strong or 1 on the wr) 
Vice versa), a solution of neutral non-hydrolyzing salt bs 10 pe 
of about 7 is obtained. But there is n° need to use wrrias ‘r or et! ps l 
changes its colour at. pil close to 7, since the ane Be we - 
titrant sharply displaces the p}* d (in acl — indicator 
alkaline region (in alkali titration). In such titrations, wid omni 
can be te nevertheless, when titration 1s performe N) those drop 
diluted solution of acid or alkali (for example, 0.01. ) ¥ showing 
contains a very small amount of the titrant, the indicators 


Colour change in the pH range 0 5 to 9 should be used. 


a salt solution of an alkali metal 


fable 2) 


Colorimetric Determination of the pH of Solutions 


solutions, indicators 

Which change colour within a small pH range are of ae _ 

DE ate dichromatic ine tg oT ne ee. Gis pH changes 

range, show noticeable changes in shades when te Fong whose 

y 0.1-0.2, Use is also made ol monochromatic indi 

Colour becomes, as the pH changes; more or | 
st Naagigrenn 

s in the middle of the interval of the 


__.* Some analysts believe that the PT i 
dicator Pest change. 


31—1845 


For the colorimetric determinati 
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shade. In both cases, the colour is determined that the indicator assum- 
es in the test solution and in a set of standard buffer solutions having 
different pH values preliminarily found by the electrometric method. 
The pH of the test solution is equal to the pH of the buffer solution 
whose colour is the closest to that of the test solution. 

In the colorimetric determination of the pH, account must be 
taken of the following possible sources of errors which should also be 
considered when selecting an indicator. 

(a) Influence of foreign salts. Let us denote the ionization constant 

a 





of an indicator as King. Then, Ajnq= -, where a; is the 
activity of the indicator anions formed as a result of dissociation, 
@yz; is the activity of its undissociated part. In the example, the 
indicator is a weak acid, and if the indicator is a base, further reason- 
ings do not change in the main. Having replaced the activities by the 
products of concentrations and activity coefficients, we obtain: 


[HI] fo _ 11+ 
[I~] fy Kina 


where fo is the activity coefficient of the coloured or colourless undis- 
sociated part of the indicator; /, is the activity coefficient of the 


—— anion; the corresponding concentrations are in square bra- 
ckets. 


The colour of the solution depends on the ratio ey , and therefore 
the solutions having the same ratio will have the same colour. But 
will the solutions having the same ratio (AT) have the same pH? 
Let us present the above expression in the following form: 


(THT} yy 
UU] Kinafo 


If the solutions have different ionic strength, the values of f, will 
also differ (and, to a very small extent, those of fo, Which can be 
neglected). With increasing ionic strength of a solution. the activity 
coefficients of ions decrease and, consequently, so does his When the 


a of the solution does not change, i.e., it has the same ratio 
HI : 
TE] , the value of 21+ Must accordingly be greater: the solution will 


yield the same colour with the indicator, being more acidic. Con- 
versely, with decreasing ionic strength, f/, increases, and Ayt+ must 


accordingly be less when the solution has the same colour. The PH 
value of buffer solutions is determined electrometrically usually 
at the ionic strength of 0.1. If the ionic strength of a solution being 
analysed is greater than 0.1 (owing to the presence of a large amoun 
of salts), the solution will have the colour which corresponds to that 
of the buffer solution with higher hydrogen-ion concentration (lowe! 
pH). Consequently, it is necessary to make a correction which has 
a negative value in this case. If the ionic strength of a solution being 
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analysed is less than 0.1 (the solution contains a small amount of 
salts), then with the same colour that the indicator has in the buffer 
solution, the solution will be less acidic (higher pH) and the correc- 
tion will have a positive sign. This correction is called salt correction. 
It should be noted that this correction depends not only on the ionic 
strength of a solution, but also on individual properties of the indicator 
and the nature of ions that are present. If use is made of the indicators 
whose acidic form is a single-charge anion and whose alkaline form 
is a double-charge anion (phenolphthalein, sulphophthaleins), the 
correction will be greater than when use is made of the indicators 
whose acidic form is an undissociated molecule and its alkaline form 
is a single-charge anion (mononitrophenols). Dimethylaminoazobenze- 
ne-sulphonic acid (methyl orange) and dimethylaminoazobenzene-o- 
carboxylic acid (methyl red) cause a very small salt error owing to 
their amphoteric nature, and therefore they are mainly used in deter- 
mining the pH of solutions having a variable content of salts. If the 
ionic strength of a solution is greater than 0.1, the correction value 
is considerably influenced by the nature of salt ions (the size of ion 
radii) in a solution. 

(b) Influence of the buffer capacity of a solution. Indicators used 
to determine the pH of solutions are themselves acids or bases, and 
if the solution being analysed has low buffer capacity (distilled water, 
solutions of neutral salts in distilled water, solutions of very weak 
acids or bases, etc.), the indicator can sharply its pH. If, for 
example, 0.4 ml of 0.04% methyl red solution is a ded to 10 ml of 
distilled water (pH 7), then even this small quantity of the indicator 
(King = 1 X 10-5) will change the pH of the water from 7.0 to 5.0. 

In determining the pH of such low buffer capacity solutions, their 
pH will not change if we add to the solution being analysed the indica- 
tor solution having the same pH. According to Fausette and Acri,* 
such solutions of indicators are called isohydric. It has been proved 
that the pH of a solution of low buffer capacity does not change even 
if any amount of an isohydric solution of an indicator is added to it. 
This underlies the method of determining the pH of such solutions, 
A set of solutions of an indicator having different pH values is pre- 

ion being analysed is added to every one of them. 


pared and the solut 3 ‘gal 
The indicator solution that does not change its colour is isohydric 


relative to the solution being analysed. — 
(c) Protein error. A number of proteins greatly alfect indicators, 


making the determination of the plI in their presence impossible. 
The influence of proteins is specific and depends on the nature of the 
protein and of the indicator. Therefore, in the presence of proteins, 
the results of the colorimetric determination of the pH cannot be 
relied on, having to be verified by the electrometric method. 

(d) Other sources of errors. In the presence of colloids and sometimes 
of coarser dispersed particles, an indicator can change colour as 
a result of one of its forms (’ acidic or “alkaline”) being sorbed on the 
surface of particles. The ionization constant of an indicator changes 

d interface. This explains the frequently observed 


also at the air-liqui Ire 
phenomenon when, in shaking a solution of an indicator, the colour 





* Ind, Eng. Chem., An. Ed., 2,78 (1930). 
3i* 
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eing formed sharply differs from the colour of the solu- 
ce Wee a Siution sented finely-dispersed particles of another 
phase, the result of the determination of the pH must be verified by 
using two different indicators (acidic and basic) or comparing them 
with the results of the electrometric determination. 
Indicators sharply change colour at pH constant if a non-aqueous 
solvent—alcohol, acetone, etc.—is added to a solution, and also when 
the temperature changes. 


Table 40 


Standard Oxidizing Potentials Relative to the Potential 
of a Standard Hydrogen Electrode at 25 °C 


If a plate of noble metal is immersed in a solution which contains 
an oxidizing agent and the product of its reduction, there will be 
a difference of potentials between the plate and the solution, which 
is called the oxidizing potential of a given system. 

1. For the system 


oxidizing agent +- ne < reducing agent 


the oxidizing potential relative to the standard hydrogen potential 
is expressed by the formula 


B= p04 AT, aox 
nF “Red 
(where & = gas constant, 7 = absolute temperature of a solution, 
n = number of electrons which in the given system make the transi- 
tion from a reducing agent to an oxidizing agent, / = faraday coD- 
stant = 96,500 coulombs, apy and Red = ion activities of oxidizing 
and reducing agents in a solution). Having replaced natural loga- 
rithms with common logarithms and having substituted all values 
of constants in the equation, we obtain or t = 25°C: 





2Red 
If 2ox = @Red, then E = £°, The standard potential is the poteP- 
tial of the electrode immersed in 


ay a solution which contains both forms 
(oxidized and reduced) having equal activities. 
2. If an oxidizing agent is red 





uced with the participation of hydro 
gen ions 
Ox “hE mH+ + ne = Red + qH,0O 
then 
40 a™ 
a ee ta 
2Red 


In this case, the standa 


rd potential is the potential of the electrode 
immersed in a solution containing both forms (oxidized and reduce 
having equal activities, and also, 


hydrogen ions whose activity is equé 


to unity. This applies, for example, to such systems as 
MnOz + 8H?* + Se = Mn** + 4H,0 


VOs + 4H*+ + e = VO** + 2H,0 
3. When the potential between the metal and the solution of its 


salt is being determined, i.e., of the systems Me"* -++- ne = Me (for 
example, Zn?+ + 2e = Zn), and the activity of the solid phase is 


taken as unity, then 


or 


In this case, E = E°, when ay;,n+ = 1. Here, the standard poten- 


tial is the potential between the metal and the solution of its salt, 


when the activity of the metal ions pm unity. 

4, When one or the two forms (oxidized and reduced) are sparingly 
soluble solids or complex compounds, the number of ions formed in 
the solution will be very insignificant. Let us take, for example, the 
system 

AgCl + e = Ag + Cl- 


For it = 
E agt, Ag = Agt, Agt Ina, + 


The value of a,,4, the activity of silver ions in the solution, is 


very small and depends on the solubility product of silver chloride 
SPagc) and on the activity of chloride-ions in the solution: 


a4 += SP agci/agj- 


If the activity of chloride ions equals unity, the right-hand part 
of the equation for the potential will assume the form: 


RT 
EY 4, ag tp in SPagel = “Ager, Ag 


The quantity EXoc1, ag §§ called the standard (“observed”) poten- 
tial of AgCl/Ag system. It can be defined as the potential which is 
formed in the system containing solids or complex compounds in which 
all ions participating in the process, except elementary ions that are 
separated by precipitates or complexes, have an activity equal to unity. 

The aforementioned equation can be used to calculate the solubil- 
ity products of sparingly soluble substances by the measured values 
of the oxidizing potentials. ‘ 

Here is another example of the formation of a complex compound. 
For the system 

Ag(CN)z + e = Ag -}+ 2CN- 


we also have 
‘ RT i 
E sgt, Ag = “Ags, Ag t FM age 
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e value of aa 
ott te determine by 


; Ag(CN)s 
‘lity of the complex = 
tenet ‘ en constant A ag(cNn); 
the " 


ni i ee ions CN~ 
C ion being examined contains fr 
BRM eae bv their activities 
~ Gagicms . 
ieee s Ag(CN)z in concentrations whereby 
d complex ion 
equal unity, then 


—~ — Aa w+ 
B sg(CN); Ag 


and , 
RT em HO ” 
Bet, agt pO cms Ag(CN)2, Ag santé vt 
imi las are used to find the Ota. The table 
aia seg data of potentiometric determina _ a systems 
ea agin | such standard (“observed”) potentials 0 3 
Eactcieken precipitates and soluble complex compounds, = 
5. If, in the aforementioned oxidation-reduction system, if 
the forms is a gaseous substance, the activity of this substance wi 
be determined by gas pressure, and the standard potential of the gas 


as the potential of the electrode in which this 
ene is under a pressure of 1 atm; the ions whi 


ch are formed when 
HIS gas is reduced (or oxidized) have an activity 
ion. 


of unity in the solu- 


The equation of the potential k — Fo 4 RT In Ox 


— . 9. Red , 
activities of oxidized and reduced forms, and not concentrations. 
It follows that, when the concentrati 


rations of ions of both forms are the 
same, the values of potentials in 


includes ion 





to it are different. The po 


RT . a 
Fcet+, cess = Eber, copy =~ hy, at, 
2 Ce3+ 
= RT \Cet+] f 
= Eo sae 4 
a ae 


where f, and f, are the activity Coefficients o - harge 
Ce ions. As the ionic strength of a solution feel al 7, aa eae 
considerably faster than / and, conse uently, the ‘value of £ will 
drop. This must always be borne in mind when using oxidation poten- 
tials in calculations and reasonings connected with various problems 
of analytical chemistry, whero solutions with a high ionic strength 
are Pag used, " . 

The table gives the potentials of vari ifferent 
valence; the potentials of the d, yy eel ye Doce 


to the lowest one (for example, VY-vily, and several potentials of the 
stage-by-stage transition (for example, I Tv. 
These potentials are interconnected by 
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which states that if an element exists in three degrees of valence m, 
n and p, and mon > p, then: 

(m — p) E%,, p= im—") Emm, nt n—P)En, p 
, and E% » are the standard potentials of transi- 


tions from valence m to valence P, from m to nr and from n to p- For 
example, Fe exists in the form of ions Fe** (valence of 3) and Fe** 
(valence of 2), and in the form of metal (valence of 0). According to 


Luther’s rule 


y 70 0 
where Ey, p» 3 


MEQ , re 2 Evea+, Fest + 28 pert, Fe 


A number of potentials which are very difficult 0! oven impos 


| 
to determine experimentally were calculated by Lut er's formula. 
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tion 265 
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Electrodes 
calomel 272 
mercury, drop 403 
overvoltage of hydrogen and 
oxygen 442 
quinhydrone 270, 272 
reference 268 
standard, hydrogen 266 
Electron layers of cations 30 
Eosin 207, 218 
Equivalent 462 
Equivalence point 473 
Erio R 226 
Eriochrome Black T 222, 230 
Eriochrome Blue-Black B 230 
— Blue-Black R 


Eriochrome Cyanine R 232, 321, 
322, 376 

Eriochrome Red B 232 

Eriochrome Red RE 226 

Eriochromazurol S 228 

Errors, relative 411 

Erythrosine 207, 218 

Esculin 205 

Ethanol 334 

Ethanolamine 334 

4-Ethoxyacridone 205 

p-Ethoxychrysoidine 315 

Ethyl acetate 334 

Ethyl-bis-(2,4-dinitrophenyl)-ace- 
tate 194 

Ethyl ether 334 

Ethyl ether, diethylamino-o-car- 
boxyphenylxanthenyl chloride 


390 
Ethylene dichloride 334 
Ethylene glycol 334 
Ethylene glycol mono-n-butyl 
ether 332 
Ethylene 


ether 3 ; , 
Ethylenediaminetetraacetic acid 


glycol monomethyl 


97 
Euchrysine 3R 242 
Extraction 336 


Ferroin 315 

Ferron 325 

Flame photometry 445 
Fluorescein 209, 218 
Fluorescein complexone 232 
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Fluorexone 226, 232 

Fuchsin 248 

Furfurol 334 

%-Furfuryl dioxime 327, 376 


Gallion 376 
Gallocyanine 378 
Gas analysis, calculation of re- 
sults 136, 468 
ases 
bringing the volume to Stan- 
dard conditions 138 
density 156 
drying 358 
Gasometric analysis 158 
calculation ‘of results 136, 


GBHA 234 

Glycerin 334 

Glycinthymol blue 234 

Glyoxal-bis-(2-oxyanil) 234 

Gold yellow 196 

Gram-equivalent 463 

Gravimetric analysis, conversion 
factors 70, 464 

Gravimetric form 70 

G-salt 211 

GTB 234 


Helianthine B 139 
Hematoxylin 186, 234, 329 
Hemp-like datisca (extract) 378 
Hexane 334 
Hexanitrodiphenylamine 374 
Hexone 334 
HHSNN 226 
Hydrobromic acid 
density and concentration of 
solutions 174 
use for extraction 346 
use a3 a reagent 322 
Hydrochloric aci 
density and concentration 
of solutions 164, 174 
ase aS a reagent 322, 325 
use for extraction 346 
Hydrofluoric acid 
density and concentration 
of solutions 174 
Hydrogen exponent, see pH 
Hydrogen, overvoltage on the 
electrode 442 


Hydrogen peroxide 327, 330 
Hydroiodic acid 
density and concentration 
of solutions 174 
use for extraction 346 
Hydrone II 223 
Hydroxocomplexes 273 
o-Hydroxybenzoic acid 390 
2-H ydrox y-3-chloro-5-nitroben- 
zene-(1-az0-2')-1’-hydroxy-8’- 
naphthylamine-3’ ,6’-disulpho- 
nic acid 376 
Hydroxyhydroquinone pink 234 
Hydroxyhydroquinone sulphoph- 
thalein 234 
2-Hydroxy-5-methylazobenzene- 
4’-sulphonic acid 396 
‘Hydroxy-4-methyleoumarin 
04 


2-[2’-Hydroxynaphthalene-(1”- 
az0-2)-phenylazoxy]-4-methyl- 
phenol 364 

Hydroxyquinoline (o-Hydroxy- 
quinoline) 321, 325-327, 378 

use in extraction 344 

2-Hydroxy-3-sulpho-5-chloroben- 
zene-1-azobarbituric acid 380 

Hygrostats, preparation 359 


Ilyinsky’ reagent 384 
Indicators 
acid-base 176, 472 
adsorption 216 
chemiluminescent 214 
complexonometric 224 
dichromatic 200, 473 
fluorescent 204 
ionization constants 200 
isohydric solutions 475 
mixed 204 
monochromatic 200 
Oxidation-reduction 314 
Salt correction 199 
_UNI versal 203 
Indigo carmine 197, 201, 318 
Indigosulphonic acids 318 
odeosine 185 
lodometry, calculation of results 
J 


iI odo-8-quinolinol-5-sulphonic 
acid 325 


lon mobility 299 

Ion radii 22 

Ionic product of water 198 

Ionic strength 117, 120, 
900, 3414, 316, 474, 475 

Isoamyl acetate 332 

Isoamyl alcohol 332 

Isopropanol 334 

Isopropyl! ether 334 


199, 


Lacmoid 185 
Lauth’s violet 317 
Linear measures 446 
Liquid measures 446 
Liquids, drying 330 
Logarithms 448 
Lophine 214 
Lucigenin 215 
Luminol 215 
Lumogallion 378 
Lumomagneson 380 
Luther’s rule 478 


Magneson CS 234, 380 

Matachite green 178, 196 

Measures, comparison with met- 
ric measures 446 

Mercaptobenzothiazole 380 

5-Mercapto-3- henyl-2-thio-1,3- 
4-thiodiazolone (mercaptophe- 
nylthiothiodiazolone) 380 

8-Mercaptoquinoline 324, 327, 
328, 380 

Metallphthalein 236, 242 

Methanol 334 

Methanyl yellow 178 

Methyl cellosolve 334 

4-Methyl-3,4-dimercaptobenzene 


376 
Methyl ethyl ketone 334 
Methyl green 177 
Methyl isobutyl ketone 334 


Methyl orange 182 
ionization constant 200 


salt correction 199 


Methyl red 185, 200, 204 
ionization constant 200 
salt correction 199 

Methy] violet 176, 178, 181, 322, 

Methyl] yellow 178, 201 

3 382 
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Methylaurin 4189 

Methylene blue 201, 202, 317, 322 

Methylthymol blue 236 

§-Methylumbelliferone (4-methy- 
lumbelliferone) 204, 209 

Milligram-equivalent 463 

Mimosa 396 

Molecular weights 31 

Monochlorobenzene 332 

Morin 2141, 238, 321, 330, 382 

Mordant yellow 195 

MTB 236 

Murexide 238, 323, 382 


Naphtharsone 396 

Naphthin 382 

Naphthionic acid 213 

B-Naphthol (2-naphthol) 210 

§-Naphthol violet 199 

Naphthol yellow 238 

2-Naphthol-(1-azo-2")-4’-chlo- 
rophenol-6/-sodium sulphona- 
te 380 

a-Naphtholbenzoin 176, 193 

a-Naphtholphthalein 191, 202 

6-Naphthoquinoline 209, 382 

a-Naphthyl red 184 

a-Naphthylamine (4-naphthyla- 
mine) 208, 2 

§-Naphthylamine (2-naphthy- 
lamine) 7 

4,5-Naphthylami nosulphamide 
205 


, 212 
Naphthylazoxine 238 
Nessler’s reagent 327 
Neutralization reactions 463 
Neutral red 189, 202, 319 
Nickelon 364 
Nile blue 194 
Nioxime 370 
Nitrazine yellow 188 
Nitric acid 

density and concentration of 

solutions 160, 174 

use for extraction 346 
Nitrobenzene 334 
4"-Nitrobenzene-(1",4)-diazoami- 

no-(1-azo-1’)-benzene-2"-arso- 
ne-4’-sodium sulphate 392 

Nitrochromoazo 384 
Nitroferroin 314 
Nitron 384 


486 


-Nitrophenol 190 
a “ jonfzation fen 200 
o-Nitropheno 7 
» Hitstohess! 188 

ionization constant 200 

Nitro-o-phenanthroline 314 
p-Nitrophenyl-azoaminobenzene- 

inane 366 
1-(p-Nitrophenyl)-3-methyl-4- 

nitropyrazolone-5 386 
a-Nitroso-B-naphthol 323, 384 
B-Nitroso-a-naphthol 324, 384 
1-Nitroso-2-naphthol-3,6-disul- 

phonic acid, disodium salt 386 
N-Nitrosophenylhydroxylamine, 

ammonium salt 370 
Nitroso-R-salt 324, 386 
Normality of solutions 462 


Octane 334 

Orange G 197 

Orange III 182 

Orange IV 184 

a compounds, separation 


Organic reagents 360 


Overvoltage of hydrogen and Oxy- 
gen 442 


Oxidation-reduction 
methods, calculations of re- 
sults 125 
reactions 463 
Oxidizing agents 125 
Oxine 378 


Oxygen, overvoltage on the elec- 
trode 442 


Palatine chrome green 222 
PAN 238, 324, 334 
PAR 240, 327, 330 
Paton-Reeder Dye 226, 249 
Pentamethoxy red 180 
ionization constant 200 
Pentaoxy red 180 
3,5,7,2’,4’-Pentaoxyflavon 211, 
382 


Perchloric acid, density and con- 
centration of solutions 167, 
175 

Permanganatometry, calculation 
of results 125 


colorimetric determination 
199 

electrometric determination 
269 


evaluated in terms of the 
activity of hydrogen ions 
252 


precipitation of metal hyd- 
roxides 273 
1,10-Phenanthroline 315, 325, 386 
Phenazo 386 , 
2,4-Phenol disulphonic acid 327 
Phenol red 189, 202 
ionization constant 200 
salt correction 199 
Phenolphthalein 193, 202, 203 
salt correction 4199 
Phenolsulphophthalein 189 
Phenosafranine 219, 319 
N-Phenyl-anthranilic acid 344 
Phenylarsonic acid 384 
2-Phenylcarboxylic acid-(1-azo- 
2')-1",8'-dioxynaphthalene- 
3’,6’-disulphonic acid-(7"-azo- 
1")-2"-phenylarsonic acid 368 
Phenylfluorone 330, 384 
)Ehenyl-2,3,7-trioxyfluorone-6 
86 


Phloxine 206 d 

Phosphoric acid, density an 
concentration of solutions 165, 
io 


Photometric methods of determi- 
ning ions 324 
a en complexone 236, 242, 


Phthalein purple 242 

Picric acid 477 

Picrolonic acid 386 

Plumbone 246, 392 6 

2,2'-Potassium bicinchonine 38 

Potassium iodide 322, 328 

Potentials 9 
calomel electrode 271, 27 
ecomposition 445 _ r 
electrode, determination 265 
ionic, cations 30 
ionization 27 3 
polarographic half-waves 40 
quinhydrone electrode 270; 


te 


= 


Potentials 
reference electrodes 268 
standard oxidizing 300, 476 
Precipitation 
methods, calculation of re- 
sults 129 
Protein error 334 
Propanol 334 
Purpurin 388 
Pyridine 323, 324, 329, 334 
{-(2-Pyridylazo)-naphthol-2 240 
4-(2-Pyridylazo)-resorcinol 240 
aia sulphophthalein 


Pyrocatechin violct 242, 330 
Pyrogallol 327, 330, 388 
Pyrogallol red 244 


Quercetin 330, 334 

Quinaldic acid 388 

Quinaldine red, ionization con- 
stant 200 

Quinalizarin 322, 331, 388 © 

Quinhydrone electrode, standard 
potential 270, 272 

Quinic acid 209 

Quinine 209, 212 

a-Quinoline carboxylic acid 388 


Radioactive elements 21 


Reagents 
density and concentration 


174 

masking 132, 345 

organic 360 
Resorcin yellow 196 
Rhodamine B 322, 388 
Rhodamine S 388 
Rhodamine 6G 219, 390 
Rhodanine 321 
Rosaniline 323 
Rosolic acid 189 
R-salt 214 
Rubeanic acid 390 
Rules 

calculation 14 

Luther’s 478 


Safranine T 318, 329 
Salt correction 
of indicators 199 


Salicyl yellow 199 
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Salicylal-o-aminophenol 390 

Salicylaldoxime 327, 390 

Salicylic acid 206, 325, 390 

Separation of organic compo- 
unds 

a. alizarin sulphonate 184, 


Sodium carbonate, density and 
concentration of solutions 173 
Sodium  diethyldithiocarbamate 
321, 390 
use in extraction 327 
Sodium ethylenediaminetetraa- 
cetate 130, 365 
Sodium indigo disulphonate 197 
Sodium sulphosalicylate 392 
Sodium tetraphenylborate 392 
Solubility 
in organic solvents 100 
in water 77 
Solubility product 109 
conversion of the pH 202 
Solutions 
absorbing, vapour pressure 


45 
buffer capacity 475 
concentration 470 
density 470 
ionic strength 120 
normality 462 
titre 463 
Solvents 332 
SPADNS 246, 325, 334 
Spectrum wavelengths 320 
SS-acid 243 
aiezcaee oxidizing potentials 
Standard sieves 402 
Stilbazo 321, 392 
Stilben-2-2’-disulphonic acid-4, 
4'-bis-(azo-1")-2” ,4”-dioxyben- 
zene, diammonium salt 392 
Stilbexone 392 
Stoichiometric multipliers 70, 


460 
Sulphanilic acid 323 
Sulpharsasene 246, 328, 392 
Sulphonazo 246, 394 
Sulphon-bis-4-hydroxyphenyl-(3- 
azo-2’)-1’-hydroxy-8’-amino- 
naphthalene-3’ ,6’-disulphonic 
acid 246 
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Sulphosalicylic acid 246, 325, 330 
Sulphuric acid 334 
density and concentration of 
solutions 161, 174 


Tannin 394 

Tartrazine 219 

Tetraaminodipheny] 372 

Tetrabromofluorescein 207 

Tetrabromophenolsu!phophtha- 
lein 183 

Tetrachloride, carbon 332 

Tetraethyldiamino-o-carboxy- 
phenylxantheny! chloride 388 

Tetraiodofluorescein 185, 207 

Tetralin 334 


1,2,5,8-Tetraoxyanthraquinone 
388 


3,5,7,2'-Tetraoxyflavon 378 
Thiazo yellow 396 
Thioacetamide 394 
Thiocarbamide 394 
Thioglucolic acid 394 
Thionalide 394 
Thionine 317 
Thiooxine 380 
Thiourea 246, 
Thioxine 380 
Thorin 248, 396 
Thoron 248, 326, 330, 396 
Thymo! blue 179, 192, 202, 203 
ionization constant 200 
_ salt correction 199 
Thymolphthalein 194, 202, 203 
salt correction 199 
Thymolphthalexone 248 
Thymolsulphophthalein 179 
Tin dichloride 328 
Titanium yellow 326, 396 
Titration 
amperometric 408, 426 
calculation of results 123 
index 201 
indicators 472 
Titre, establishment 
o-Tolidine 323, 396 
Toluene 334 
8-(p-Toluene sul phamido)-qui- 
noline 396 
8-Tosylaminoquinoline 39 
Trilon B 130, 368 


322, 330, 394 


-Trinitrobenzene 197 
-Trinitrophenol 177 
-Trinitrotoluene 196 es 
,i-Trioxyanthraquinone 388 
-Trioxybenzene 388 _ 
5-Trioxybenzoy! para-amino- 
benzoic acid 368 
2,2" .4'-Trioxy-5-chloro-(1-az0- 
1’)-benzene-3-sulphonic acid 


3,5 

14,6 
4 . 

4 

3 


* 
+" 
* 


2,6,7-Trioxy-9-(4’-dimeth ylami- 
nophenyl)-3-fluorone 372 

2,4,5-Triphenylglyoxaline 244 

2,4,5-Triphenylimidazol 244 

Tropeolin G 178 

Tropeolin 0 196 

Tropeolin 00 184, 203, 249 

Tropeolin 000 194 

Turpentine 334 

Tyron 248, 330 


Umbelliferone 210 
Units of energy 446 


Units of power 447 
Uranol 362 


Vanadicophosphoric acid 334 F 
Vapour pressure over water ane 
Over absorbing solutions 15 
Vapours, density 156 
Variamine Blue B 248 
Versene 368 
Victoria yellow 4178 
Ocumetric determination 158 | 
Olumetric-analytical determi- 
nations 
calculation of results 13, 123 
indicators, selection 472 


Water 334 


ionic product 198 


vapour pressure 155 
Wolframite 334 


Xylene 334, 355 
Xylenol blue 180, 192 
ylenol Orange 250, 334 
P-Xylenol phthalein’ 493 
p-X ylenol Ssulphophthalein 180 





OTHER BOOKS FOR YOUR LIBRARY 


COURSE -_ 
OF ANALYTICAL CHEMISTRY 
By A.P. Kreshkov, A.A. Yaroslavtsev 
Volume 1 


QUALITATIVE ANALYSIS 


This volume presents the principles of 
the theory, methods, and techniques of 
qualitative analysis of inorganic sub- 
stances. Attention is particularly given 
to general practical instructions and — 
safety when working in analytical labo- 
ratories. The book gives methodical 
instructions in analysing mixtures of 
cations and anions. 


V olume 2 
QUANTITATIVE ANALYSIS 


This volume presents the theory and 
practice of quantitatively analysing 
inorganic substances. A detailed de- 
scription is given of the methods of 
work, apparatus and instruments, and 
also the methods of calculating the 
analytical results. 

Volume 1 and Volume 2 are intended 
for students of chemical higher teche 
nical schools and may be used for. 
training and improving the skill of 
analysts. 


br 


OTHER BOOKS FOR YOUR LIBRARY 


PROBLEMS AND EXERCISES 
IN ORGANIC CHEMISTRY 


By A. Agronomov et al. 


A textbook by a group of lecturers in Moscow State University, 


-- for university undergraduates, postgraduate and research students, 
and teachers of chemistry in technical and teacher-training colleg- 


es. Consists of nine chapters, the first of which deals with the 

- nomenclature of organic compounds. Each of the subsequent chapt- 

ers consists of an introduction to the key elements in the subject 
studied and rational approach to the solution of problems and a 
geuReton, of problems and exercises with answers and solutons. 


BASIC METHODS OF ORGANIC MICROANALYSIS 


. By V.A. Klimova 


“This book gives a detailed description of the basic methods 

used in modern microanalysis of organic substances. It describes 
< Progedures for determining carbon, hydrogen, nitrogen, sulphur, 

i ~~ germanium, oxygen, carbonyl group, amine nitrogen, nitrogen of 

: _nitroparaffins, alkoxyl group, and water. Moreover, this book gives 

7 hints on how to use the analytical balance and other laboratory ap- 
~ paratus. The book is a practical manual for scientists engaged in 

_ microanalysis of organic compounds. It can be of value to both 

_ undergraduate and graduate students. 


=. “ 


